Tay-Sachs' Disease: Study of The Symptomatology and Pathology of Three Atypical Cases by Torrance, Herbert Watt
T A Y ^ S A C H S  » D I S E A S E
Study
Of th e  symptomatclogy and pa tho logy  
of th r e e  a t y p ic a l  c a se s .
THESIS
f o r  th e  degree o f  "Doctor of M edicine" 
p re se n te d  by 
HERBERT WATT TORRANCE, M.C.,M.B.,Ch.B.
2——0—* j
Glasgow. 
May 1921
ProQuest Number: 27555699
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 27555699
Published by ProQuest LLO (2019). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
C O N T E N T S .
I .  IHT^ QB.QCTlQg»
I I .  H IST O R IC A L  StlMMARY A_gBMARKS ON NOMENCLATIlflE.
I I I .  SYMPTOMATOLOGY.
C l in ic a l  h i s t o r y  o f  Case I .
" " " I I .
I I I .
Summary of c l i n i c a l  h i s t o r i e s .
Summary of symptoms of i n f a n t i l e  Tay-Sachs* d isease  
" * * » ju v e n i le  » • *
D iscu ss io n  of r e l a t i o n s h i p  between the  i n f a n t i l e  
and ju v e n i le  ty p e s  and th e  r&le p layed  by th e
p re se n t  cases  i n  forming a connecting  l i n k .
Remarks on age in c id e n c e .
Race p r o c l i v i t y .
Ocular m a n i f e s ta t io n s .
IV. mrSOLQEL*
PostHmortem re p o r t  o f  Case I .
" Case I I .
• • " Case I I I .
Summeiry o f  Post Mortem R e p o rts .
Summary o f  P . M. f in d in g s  in  I n f a n t i l e  ty p e .
" Ju v e n ile  "
Comparison of p re se n t  cases  w ith  above.
CONTENTS (C ontd .)  
H is to lo g ic a l  exam ination  o f  J ^ a in  and S p in a l cord , 
methods o f  exam ina tion , f i x a t i o n ,  and s ta in in g *  
Summary o f  r e s u l t s  found i n : -
(a)  cerebrum.
(b) m id -b ra in .
(c )  ce rebe llum .
(d) pons and m edu lla .
(e) s p in a l  cord .
( f )  c r a n ia l  n e rv e s .
H is to lo g ic a l  exam ination  o f  V isua l A pparatus .
(a )  O ptic  n e rv e s ,  chiasma, t r a c t s
and r a d i a t i o n .
(b) r e t i n a e .
B ibliography*
me
'  -  •' ' ••...■' " ' ' '  'r. ' T '  - -
P A R T  I.
I N T R O D U C T I O N ,
V '-
I n t r o d u c t io n .
The work subm itted  I n  t h i s  t h e s i s  i s  a c l i n i c a l  
and p a th o lo g ic a l  s tudy  of th re e  eases  in te rm e d ia te  
between th e  i n f a n t i l e  and ju v e n i le  ty p es  o f  Tay-Sachs' 
d is e a s e .  They form a l i n k  between the two ty p e s  and 
p re s e n t  c e r t a in  f e a t u r e s  which a re  unique on th e  
l i t e r a t u r e  on the s u b je c t .  These f a c t s  coupled w ith  
th e  r a r i t y  of p u b lish e d  p a th o lo g ic a l  r e p o r t s  on a ty p ic a l  
cases  would seem to  w arran t t h i s  i n v e s t i g a t io n .
The th re e  p a t i e n t s  were under  the care o f  my l a t e  
" c h ie f" .  Dr. Leonard F in d la y ,  v i s i t i n g  p h y s ic ia n  to  the 
Royal S ick  C h i ld re n 's  H o s p i ta l ,  Glasgow. Case I I I  was 
p re s e n t  i n  the wards during  my re s id e n c e  as h o u se -p h y s ic ian  
i n  the  h o s p i t a l .  I t  i s  a g r e a t  p le a su re  to  acknowledge 
th a t  th e  r e s e a r c h  was in a u g u ra ted  a t  Dr. F in d la y 's  sug­
g e s t io n .  Dr. G. Haswell W ilson, p a th o lo g is t  to  the 
h o s p i t a l ,  k in d ly  allow ed me to  in v e s t ig a te  th e  m a te r ia l  
from the a u to p s ie s .  The work was c a r r i e d  out i n  the  
h o s p i t a l  la b o ra to ry .
To th e s e ,  my two former te a c h e r s ,  I  would here  
g r a t e f u l l y  te n d e r  my thanks f o r  the  lo an  o f  ap p a ra tu s  
and l i t e r a t u r e ,  f o r  v a lu a b le  h in t s  reg a rd in g  p a th o lo g ic a l  
techn ique  and the i n t e r p r e t a t i o n  of m ic roscop ic  appear­
ances , f o r  i n s t r u c t i o n  i n  photography and he lp  of every  
k in d .  T heir  c r i t i c i s m  and s u p e rv is io n  rendered  v a lu a b le  
by t h e i r  e x c e p t io n a l  experience  has in  no sm all measure
rendered  p o s s ib le  th e  aooomplishment of  t h i s  t h e s i s  and 
I  owe them more th an k s  th an  I  oan a d eq u a te ly  e x p re s s .
To Dr. A. M aitland  Ramsay I  ex p ress  my thanks f o r  
k in d ly  g ra n t in g  me p erm iss ion  to  make use o f  some diagrams 
from h i s  book " C l in ic a l  Ophthalmology", and f o r  much 
a s s i s ta n c e  in  the  oph tha lm olog ica l p o r t io n  of  my work.
Last b u t not l e a s t ,  I  take  the  o p p o r tu n i ty  o f  
thank ing  Dr. J .  W. McNee, P ro fe s s o r  D. Noel Paton , 
and Dr. D. Campbell S u t t i e  f o r  k in d ly  a s s i s ta n c e  in  
v a r io u s  m a t te r s .
P A R T  II.
HISTORICAL SUUUART & REMARKS ON NOMENCLATURE.
H i s to r i c a l  Summary and Remarks on Nomenclature.
F o rty  y e a rs  have e lap se d  s ince  a t t e n t i o n  was f i r s t  
drawn to  T ay-Sachs ' d isease  by Waren Tay, a London 
o p th a lm o lo g is t . In  1881, under  the t i t l e  "Symmetrical 
Changes i n  th e  Region o f  the  Yellow Spot i n  each Eye o f  
an I n f a n t , "  we have th e  f i r s t  p u b lish ed  account o f  the  
d is e a s e .  I t  i s  to  be n o te d , however, t h a t  Waren Tay d id  
n o t give th e  d ise a se  any s p e c ia l  name. Since th e n ,  t h i s  
nameless c o n d it io n  has become encumbered w ith  many synonyms - 
some based on a c l i n i c a l  fo u n d a tio n ,  o th e rs  upon a p a th o ­
lo g ic a l  b a s i s  -  and th e  i n v e s t i g a t o r  f in d s  h im se lf  in  a 
w ild e rn e ss  of names -  e . g .  "Amaurotic Family Id io c y " ;  
"Amaurotic Family Dem entia": " I n f a n t i l e  C ereb ra l Degener­
a t io n " :  "Agenesis C o r t i c a l i s  o r  A rre s te d  C e reb ra l  develop­
m ent"; and o th e r  synonyms. I t  w i l l  te n d  tow ards c le a rn e s s  
of e x p re s s io n ,  the avoidance of am bigu ity , the e lu c id a t io n  
of f a c t s ,  and the fo llo w in g  o f  arguments d isc u sse d  i n  t h i s  
t h e s i s ,  i f  I  make a few remarks upon th e  h i s t o r y  and 
nom encla tu re .
1. As a l re a d y  s ta te d  Waren Tay (1881) may be looked upon 
as th e  fo re ru n n e r  o f  the d isco v ery  of  the  d is e a s e .
Being an o p th a lm o lo g is t ,  he was n a t u r a l l y  most 
im pressed by the p e c u l i a r  o c u la r  changes which he 
found.
8 . In  1887, i . e .  s ix  y e a rs  l a t e r ,  and w ithou t any knowledge 
of Waren T ay 's  r e p o r t* ,  Sachs p u b lis h e d  a pap e r  on a 
case of b l in d n e s s  a s s o c ia te d  w ith  Id io c y ,  e n t i t l e d
* Vide S a c h s ' a r t i c l e  on Tay S a c h s ' d ise a se  in  O s ie r  & 
McCrae's "System of M edicine” lô io  V ol.V II p . 868-874.
"A rres ted  C erebra l Development". Because of c e r t a in  
f i s s u r a i  a b n o rm a li t ie s  found in  the b r a in  which he 
examined, he cons idered  the  d ise ase  to  be one of 
a r r e s t e d  c o r t i c a l  development, due to  an "agenesis  
c o r t i c a l i s * .  L a te r  he a t ta c h e d  no importance to  
t h i s  o b se rv a t io n  and th e o ry .
3 . Sachs* s t a t e s  t h a t  Kingdon, a Nottingham o c u l i s t ,  was 
th e  f i r s t  to  dem onstrate th a t  the c o n d i t io n  which 
Waren Tay had d esc r ib ed  was r e a l l y  p a r t  o f  the d ise a se  about 
which Sachs had w r i t t e n .
4 .  Sachs*, i n  1896, reco g n ised  the fa ir i i l la l  elem ent in
th e  d is e a s e ,  and coined th e  name "Amaurotic Family 
Id io c y " ,  and he quo tes H ig ie r  as being the  f i r s t  to  
propose th e  name "Tay Sachs ' D is e a s e ."
5. O ther o b se rv e rs  r e p o r te d  c a se s ,  and soon a symptom-
complex which was s a id  to  be pathognomonic was 
prom ulgated . T h is  w i l l  be d isc u sse d  l a t e r ,  bu t 
s u f f i c e  i t  to  s t a t e  a t  p r e s e n t ,  th a t  g r e a t  a t t e n t i o n  
was p a id  to  th e  f a m i l i a l  f a c t o r ,  th e  " c h e r ry - re d "  
spot a t  th e  m aculae, th e  m enta l im pairm ent, th e  
f a c t  t h a t  a l l  in d u b i ta b le  oases had occurred  in  
Jews, and f i n a l l y  th a t  the symptom appeared about 
th e  3rd -  6 th  month o f  l i f e  -  i . e .  t h a t  i t  was 
e s s e n t i a l l y  a d isease  of in fa n c y .
6 . The d ise a se  was cons idered  to  be sh a rp ly  d i f f e r e n ­
t i a t e d  from a l l  o th e r s ,  and i t  was thought t o  
conform w ith  p u n c t i l io u s  ex ac tn ess  to  th e  orthodox 
symptom-comp l e x .
*Vide Sachs ' a r t i c l e  on Tay Sachs ' d ise a se  in  O s ie r  &
McCrae's "System of Medicine" 1910 Vol. V II .  p . 868-874.
Being r a t h e r  a r a r i t y * ,  few oases were r e p o r te d ,  
and so f o r  a time no t ro u b le  was caused. But as 
more oases accum ulated, in v e s t ig a to r s  found t h a t  
some did no t conform in  every  d e t a i l  to  the  
accep ted  syndrome. The s l i g h t e s t  v a r i a t i o n s  
prompted the co in ing  of sub - types  of  the  d isease  
( i . e .  I n f a n t i l e  and Ju v e n ile  type of Tay-Sachs) or 
i n  some eases  of e n t i r e l y  new names. The f a c t o r s  
and symptoms mentioned i n  th e  preced ing  parag raphs  
a re  those  concerning which th e re  has been most 
c o n tro v e rsy .
7. I n  1897, R. D. B a tten  gave a d e s c r ip t io n  of  two
b r o th e r s  w ith  m acular changes (bu t not the  c h a ra c te r ­
i s t i c  "cherry  red  sp o t"  of Tay-Sachs* d i s e a s e ) .  - 
Moreover, th e  onse t o f  th e  d ise a se  was a t  the age 
o f  14 y e a rs  -  not i n  in fan cy  as  in  Tay-Sachs* -  
and th e re  was no m ental impairment as  in  T ay-Sachs‘ . 
Such a case i s  sometimes r e f e r r e d  to  as  the  Ju v e n ile  
Type of Tay-Sachs* d is e a s e ,  i n  c o n t r a d i s t i n c t i o n  to  
th e  I n f a n t i l e  Type o f  Tay-Sachs* o r  Tay-Sachs* p ro p e r .  
By o th e r s ,  these  eases  are  r e f e r r e d  to  t h u s : -
(1) C lark — "F am ilia l  m acular d e g e n e ra t io n  w ithou t 
D em entia."
(8) D a r ie r  -  "F am ilia l  Macular D eg e n e ra t io n ."
(3) B a tte n  & May ou -  "Family C e reb ra l  D egenera tion
w ith  Macular Changes."
(4) Oatman -  "Macular Type of F a m il ia l  D egeneration"
( th e re  being  no m ental w eakness).
This he c a r e f u l ly  d i s t in g u is h e d  from what he
*O sler -  " P r in c ip le  and P ra c t ic e  of M edicine" 1980, p . 938 
quotes N av il le  as c o l l e c t in g  100 r e p o r te d  ca ses  up to  1917
termed the  "M aoulo-oerebral" type of f a m i l i a l  degener­
a t io n  in  which th e  p a th o lo g ic a l  p ro cess  a t ta c k e d  not 
only  the  r e t i n a ,  but a lso  the b ra in  and so le d  to  
m enta l im pairm ent.
8. In  1903, u n d e r  th e  t i t l e  "C erebral D egeneration  w ith
Symmetrical Changes in  the  Maculae in  two members o f  a 
fam ily* , P. E . B a tten*  d esc r ib ed  a fam ily  i n  which two 
brother© h d sym m etrical changes i n  the  maculae but not 
ty p ic a l  "c h e r ry - re d  spo ts"  a s  in  an in f a n t  s u f fe r in g  
from Tay Sachs d is e a s e .  Mental d e f ic ie n c y  was p re se n t  
bu t th e  onset of the d ise a se  was a t  4-6 y e a rs  o f  age and 
not i n  in fa n c y .  Such cases would be c a l le d
(1) By C lark -  "F am ilia l  Macular D egeneration  w ith
Dem entia".
(2) By G iffo rd  - " Ju v e n ile  type o f  Amaurotic Family Id io cy . '
(3) By Oatman -  "F am ilia l  Mac u lo -c e re b ra l  D eg en era tio n ."
9 .  I t  was Vogt who, in  1905, gave the name Ju v e n ile  Amaurotic
Family Id io c y  to  those  ca ses  i n  which the d ise ase  began 
i n  you th  in s te a d  of in  in fa n c y .  He a l s o  p o in te d  out th a t  
th e re  was no p r e d i l e c t i o n  f o r  Hebrews in  the ju v e n i le  ty p e .  
His b e l i e f  was t h a t  the i n f a n t i l e  and th e  ju v e n i le  form of 
Tay-Sachs’ d isease  r e p re s e n t  d i f f e r e n t  degrees o f  the  same 
p ro c es s .
10. Mott suggested  the  name "Amaurotic Dementia" r a t h e r  than  
Amaurotic Id io c y ,  as th e  m acroscopic appearance of the  
b ra in  was u n lik e  th a t  of an i d i o t  or im b e c i le .
^Confusion i s  caused u n le s s  i t  i s  observed t h a t  th e re  a re  two 
d i f f e r e n t  i n v e s t i g a t o r s ,  bo th  w ith  the surname BATTEN, who 
have w r i t te n  about Tay Sachs d is e a s e .
(1) R .D .B atten  d esc r ib ed  the f i r s t  case o f  what Oatman term s 
th e  "macular" type of the  d is e a s e .  (1897)
*2) P .E .B a tte n  d esc r ib ed  th e  f i r s t  maoulo—c e r e b r a l " case 
(1903).
11. Some oases ,  e .g .  K u f f l e r 's  Case IV -  show changes a t
th e  -periphery of the  fundus and none a t  t l ^  macula. 
Here aga in  a d i f f i c u l t y  a r i s e s  as  to  nom encla tu re .
Can any name in c lu d in g  the word "macular" be used as 
a l a b e l  f o r  such cases? Omitting f o r  the p re se n t  
th e  q u es tio n  of the  presence or absence of dem entia, 
any names such as "F am ilia l  M acular D egeneration" or 
"F am ilia l  Maculo-C ereb ra l D egeneration" would be 
m is le a d in g .  G iffo rd  th e re fo r e  suggests  the  name 
"F am ilia l  R e t in o -C ereb ra l D egeneration  w ith  I n f a n t i l e  
and Ju v e n ile  Forms" as one which would "describe  the  
whole fa m ily " .  Those who la y  s t r e s s  upon the  
p resence o r  absence of m ental symptcmis, however, 
would o b je c t  to  the in c lu s io n  of the  term  " c e re b ra l"  
( in  the  phrase " r e t in o - o e re b r a l " )  i f  no m ental d e fec t  
were p r e s e n t .
12. The i n v e s t i g a t o r ,  who would sh a rp ly  d i f f e r e n t i a t e  the
v a r io u s  ty p e s  of t h i s  f a m i l i a l  d eg en era tiv e  d isease  
(which I  w i l l  simply term  T ay-Sachs’ d is e a s e )  as  
d i s t i n c t  and separa te  e n t i t i e s ,  f in d s  t h i s  t o  be an 
im p o s s ib i l i ty .  As shown l a t e r  i n  t h i s  p a p e r ,  th e re  
may be se v e ra l  d i f f e r e n t  ty p e s  i n  one fam ily  (e.g. 
K u f f l e r ' s  c a s e s ) .  S u re ly  th ey  are no t d i s t i n c t  and 
se p a ra te  d is e a s e s .  Are they  not members of one 
• la rg e  group of f a m i l i a l  neu ropa th ic  d i s e a s e Î As 
D a r ie r  rem arks, " I t  i s  p robab le  t h a t  th e  more 
p reco c io u s  the  m acular changes , the more l i k e l y  
are the c e re b ra l  fu n c t io n s  to  be a f f e c t e d :  when thé
eye symptoms do not appear u n t i l  12-14 y e a rs ,  the  b ra in  
i s  not a f f e c t e d .  Again, one may no te  i n  g en e ra l  th a t  
th e se  a f f e c t io n s  are  so much the  g ra v e r ,  the  younger 
the age a t  which th e y  b e g in ."
In  rev iew ing  the  l i t e r a t u r e  f o r  t h i s  t h e s i s ,  I  s e t  out 
d e f i n i t e l y  to  d i f f e r e n t i a t e  the  v a r io u s  ty p es  of the  d is e a s e .  
This I  have found to be an im p o s s ib i l i t y .  Some cases  p re se n t  
c e r t a in  f e a tu r e s  belonging  to  one ty p e ,  and c e r t a in  f e a tu r e s  
belonging to  a n o th e r  ty p e .  I t  became a m a tte r  o f  g re a t  
d i f f i c u l t y  to  decide to  which type such i r r e g u l a r  cases 
should be r e le g a te d .  In  t h i s  p a p e r ,  the terra "I n f a n t i l e  
Tav-Sachs" may be taken  as  r e f e r r i n g  to  cases showing marked 
s i m i l a r i t y  to  Tay-Sachs* o r ig in a l  symptom-complex and e s p e c i a l ly  
to  the f a c t  th a t  th e  d isease  commenced in  in fan cy  (under one 
year)  and showed a p r e d i l e c t i o n  f o r  Jews. In  c o n tra ­
d i s t i n c t i o n  to  t h i s  i n f a n t i l e  type the "Ju ven ile  Tav-Sachs" 
r e f e r s  to  those  i n  which the  onset of the  d ise ase  was a f t e r  
the f i r s t  y ea r  o f  l i f e  and showed no marked p r e d i l e c t i o n  
f o r  the Jewish r a c e .
I n f a n t i l e  Amaurotic Paatiily Id io cy  i s  synonymous w ith  
I n f a n t i l e  Tay-Sachs: Ju v e n ile  Amaurotic Family Id io c y  w ith
Ju v en ile  Tay-Sachs, bu t I  p r e f e r  the  term s I n f a n t i l e ,  or 
Ju v e n ile  Tay-Sachs to  t h e i r  r e s p e c t iv e  synonyms, as id io c y  
i s  not always p r e s e n t .
The cases d escr ib ed  i n  t h i s  t h e s i s  are of the  Ju v e n ile  
ty p e , the onset of d isease  being s h o r t ly  a f t e r  one y e a r ,  
and i n  G e n t i le s .  They are the  youngest ju v e n ile  cases  on 
re c o rd  i n  which a p a th o lo g ic a l  exam ination  has  been made, 
and I  v en tu re  to  suggest th a t  they  form an im portan t l in k
and he lp  to  b r id g e  the gap between the  i n f a n t i l e  and 
ju v e n i le  ty p es  of Tay-Sachs* d is e a s e .
IL
P A R T  III.
S Y M P T O M A T O L O G Y ,
CLINICAL HISTORY OP CASE I .
D .H ., a male c h i ld ,  a e t .  4 y e a rs  and 4 months, was adm itted 
to  th e  Royal H o s p i ta l  f o r  S ick  C h ild ren , Glasgow, on 16th  
January , 1919, under th e  charge of my "c h ie f"  Dr. Leonard 
F in d lay .
COMPLAINT.
Gradual m ental and p h y s ic a l  d e t e r io r a t io n  of about 5^  years * 
d u ra t io n .
FAMILY HISTORY.
F a th e r ,  a e t .  29 y e a r s ,  th e  e l d e s t  o f  a fam ily  of seven, a l iv e  
and w e l l .
Mother, a e t .  28 y e a rs ,  th e  youngest of a fam ily  of n in e ,  
a l iv e  and w e l l .
M arried f iv e  y ea rs  ago. No h i s t o r y  of L u e tic  d i s e a s e .  
N e ith e r  o f  the  p a re n ts  a re  Jews.
No h i s t o r y  of  nervous d is e a s e ,  i n s a n i ty ,  e p i le p s y ,  or 
tu b e rc u lo s i s  in  ascendan ts  or c o l l a t e r a l s .
Three c h i ld re n  in  f a m ily :-
1. "D.H." -  p a t i e n t .
2 . "M.H.", g i r l ,  a e t .  3 y e a rs ,  began to  d e t e r io r a t e  a t
1 y e a r .
3 . " A . H . , g i r l ,  a e t .  1 y e a r ,  has shown s ig n s  of
d e t e r io r a t i o n  during  l a s t  f o r t n i g h t .  *
X
These a re  r e s p e c t iv e ly  Cases I ,  I I  & I I I ,  which form 
th e  su b je c t  of t h i s  t h e s i s .
"a
PREVIOUS HEALTH.
Normal b i r t h ,  and h e a l th y  when bo rn . Never b r e a s t  fed , as 
c h i ld  re fu se d  m o th e r ’s m ilk .  Fed on R obinson 's  P a te n t  
B arley  fo r  one y e a r ,  and then  on the  "run o f  th e  house ."
No h i s t o r y  of r a s h ,  r h i n i t i s ,  c o n j u n c t i v i t i s ,  jau n d ice ,  or 
co n v u ls io n s . Cut f i r s t  to o th  a t  f i v e  months, s a t  up a t  
e ig h t  months, and walked a t  on^ year when he a ls o  began to  
t a l k .  Seemed q u i te  a normal c h i ld  u n t i l  t h i s  t im e , was 
b r ig h t  and took an i n t e r e s t  i n  h i s  su rround ings .
HISTORY OF PRESENT ILLNESS.
S h o r t ly  a f t e r  th e  p a t i e n t  was one y e a r  o ld ,  i t  was n o ticed  
t h a t  he "b linked" c o n s id e ra b ly ,  and t h a t  h i s  t e e t h  began to  
decay almost as  soon as they  e ru p te d .  He became a p a th e t ic  
and l i s t l e s s ,  kep t h i s  mouth open, and ceased t ry in g  to  
t a l k ,  walk, s ta n d ,  or tak e  any i n t e r e s t  i n  h i s  surroundings. 
The muscles o f  h i s  le g s  became f lab b y  and h i s  whole body 
th in n e r .  A f te r  s c a r l e t  f e v e r  a t  1 ^  y e a r s ,  h i s  m ental 
and p h y s ic a l  r e t r o g r e s s io n  became more r a p id .  Child 
always c r ie d  a g re a t  dea l u n t i l  the  age o f  2 y e a r s ,  but 
l a t e r  became much q u ie te r .  H is m other s t a t e s  t h a t  he 
can h e a r  and se e ,  bu t does not understand  what i s  s a id  
to  him and a lso  t h a t  he has  some d i f f i c u l t y  in  swallowing, 
has a good a p p e t i t e  and tends  to  be c o n s t ip a te d .  There 
i s  no h i s t o r y  o f  convulsions or f i t s  o f  any n a tu re .
CONDITION ON ADMISSION.
General C ond ition . P a ir  s ized  bu t much emaciated boy. 
Length 36^". Weight 19 lb s .  8 oz. Circumference of 
head 18^". Unable to  walk, s ta n d , s i t ,  o r  feed  h im s e lf .
-Pace la ck s  ex p re s s io n .  Very a p a th e t ic  and 
p r a c t i c a l l y  im b e c i le .  Takes no i n t e r e s t  i n  h i s  surroundings 
Does no t a ttem pt to  ca tch  o b je c ts .
S-pecial Senses,*
E y es . S l ig h t  mystagraus. P u p ils  are  m odera te ly  
d i l a t e d ,  equal in  s i z e ,  c i r c u l a r  in  shape, and r e a c t  
norm ally  to  l i g h t  and on accommodation. P a t i e n t  
can see .
Opthalmoscopic exam ination r e v e a ls  o p tic  a trophy  in  
bo th  eyes , and v e s s e l s  a re  bad ly  d e f in e d .  A small 
p a tc h  of pigment i s  seen on th e  tem poral s id e  o f  the  
d isc  (bu t not a t  th e  macula) i n  th e  r i g h t  eye.
There a re  no appearances of m acular changes in  
e i t h e r  eye.
E a r s . P a t i e n t  can h e a r ,  bu t cannot unders tand  when 
spoken t o .
Nose. Nothing abnormal d e te c te d .
No nuchal r i g i d i t y  or r e t r a c t i o n  of th e  head.
Arms:- S p a s t i c .  T r ic e p s ,  b icep s  and su p in a to r  je rk s  on 
b o th  s id e s  a re  v e ry  a c t iv e .
L egs:-  F la c c id ,  b u t o c c a s io n a l ly  seen s l i g h t l y  s p a s t i c .
Both knee j e r k s  a re  p r e s e n t ,  eq u a l,  and not exaggera ted . 
P o s i t iv e  B a b in s k i’s s ig n  e l i c i t e d  on l e f t  s id e .
No ankle c lonus .
S p h in c te rs  o f  b lad d er  and rectum a re  in c o n t in e n t .
Pu lse  -  104 p e r  m inu te , r e g u la r ,  and of good q u a l i ty .
No enlargement of p ra e c o rd ia l  d u ln e ss .
Heart sounds p u re .
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D ig e s t iv e  System.
Tongue m ois t and f u r r e d .  Teeth d e f i c i e n t  and very  much 
decayed. Throat -  c l e a r .  Abdomen -  no th ing  abnormal 
d e te c te d .
Lymphatic System .
S l ig h t  g e n e ra l  enlargem ent o f  lymphatic glands* 
Regpimtory^Szdtm.
R e s p ir a t io n s  -  24 p e r  m inu te . Lungs normal.
Genlt Q-ur  i n ary__sy St em.
M icroscopic and chemical exam ination of u r in e  re v e a ls  
no th in g  abnormal.
No enlargement d e te c te d  on p e rc u s s io n .
Von PirquAt Cutaneous T ubercu lin  R eac tion .
(1) With bovine tu b e rc u l in  -  p o s i t iv e  r e a c t io n .
(2) With human " -  n eg a tiv e  r e a c t io n .
Wassermann Test w ith  blood gave n eg a tiv e  r e s u l t .  
C e reb ro -S o in a l_ F l u id .
F lu id  i s  c l e a r  and under v e ry  low p r e s s u r e .  No dep o s it  
/  on o e n t r i^ u g a l i s in g .  F lu id  reduces  F e h l in g 's  S o lu t io n .
On m icroscopic  exam ination no c e l l s  and no o rgan ises  
found.
SüBSEatXËNT HISTORY AFTER ADMISSION.
Child was very  i r r i t a b l e  and c r ie d  during the n ig h t s .  He 
had to  be fed  by hand and passed  u r in e  and fae c e s  in  bed.
Two n ig h ts  a f t e r  adm ission  he was so r e s t l e s s  and screamed
80 much t h a t  c h lo ra l  and bromide were ad m in is te red .
As w i l l  be seen  from th e  accompanying c h a r t ,  on the
evening of th e  seven th  day in  h o s p i t a l ,  h i s  tem perature  
ro se  to  1 0 8 .8^ P . , w ith  p u lse  r a t e  o f  160 p e r  m inute , and 
r e s p i r a t i o n s  40 p e r  m inu te . Next day, exam ination of the 
chest re v e a le d  tu b u la r  b re a th in g  a t  the  l e f t  apex, m oist 
r a l e s  a t  the  r i g h t  apex beh ind , and wheezing a l l  over the 
r e s t  of th e  lu n g s . He could not be roused and took no 
i n t e r e s t  i n  an y th in g .
During the  next few days he em aciated v ery  r a p id ly ,  
s l e p t  c o n s ta n t ly ,  and was more o r  l e s s  unconscious. Lumbar 
puncture  re v e a le d  th e  ce re b ro - s p in a l  f l u i d  to  be under very  
low p r e s s u r e ,  c l e a r ,  w ith  no v i s i b l e  d ep o s it  a f t e r  c e n t r i -  
f u g a l i s in g .  I t  reduced F e h l in g 's  S o lu t io n .  No c e l l s  or 
organisms were found on b a c t e r io lo g i c a l  exam ination.
The c h i l d ' s  g en e ra l  c o n d it io n  became g ra d u a l ly  worse, 
and f i f t e e n  days a f t e r  adm ission he d ie d .
Opthalmoscopie exam ination  o f  th e  eyes fo u r  days 
befo re  dea th  re v e a le d  no f u r th e r  change th a n  on adm ission.
CLINICAL HISTORY OP CASE I I  ( P a t ie n t  M.H.)
M.H., a e t .  y e a r s ,  s i s t e r  of p a t i e n t  D.H., adm itted
t o  Royal H o sp ita l  f o r  S iek  C hild ren  on 25/1 /19  under the  
ca re  o f  Dr. Leonard F in d lay .
FAMILY HISTORY. -  as i n  Case I .
HISTORY OF PREVIOUS HEALTH.
Easy b i r t h ,  n o n - in s tru m e n ta l .  Child was a p p a re n t ly  
h e a l th y  when born . No h i s t o r y  o f  r a s h ,  r h i n i t i s ,  
c o n j u n c t i v i t i s ,  convu ls ions  o r  ja u n d ice .  B rea s t  fed 
f o r  two weeks, then  feed ing  supplemented by b o t t l e  (milk 
and w ater) u n t i l  age of 10 months, a f t e r  which d ie t  con­
s i s t e d  of th e  "run of the  house". Cut f i r s t  to o th  a t  s j  
months, s a t  up a t  8 months, began to  t a l k  a t  9 months, and 
walked a t  1 y e a r .  Appeared to  be p e r f e c t l y  normal u n t i l  
t h i s  tim e. No h i s t o r y  of ch i ld  s u f fe r in g  from any of th e  
Exanthemata o r  o th e r  i l l n e s s .
HISTORY OF PRESENT ILLNESS.
S h o r t ly  a f t e r  th e  age o f  1 y e a r ,  f in e  o s c i l l a t i n g  "up a.nd 
down" movements of bo th  e y e b a l ls  were n o ticed  and t h i s  was 
s p e c ia l ly  marked when p a t i e n t  was look ing  a t  any o b je c t .  
She ceased t o  make any p ro g re ss  in  walking and t a lk in g ,  
and t h e r e a f t e r  g ra d u a l ly  r e t r o g re s s e d .  Her t e e t h  seemed 
to  decay almost as soon as they  e ru p te d .  At 2 y ea rs  o f  
age, she was s u b je c t  to  severe  " f i t s  of c ry ing"  -  d iu rn a l
mand n o c tu rn a l  -  which gave h e r  a cyanosed appearance 
d u r in g  th e se  s e iz u r e s .  About t h i s  time a ls o  she had 
two severe  a t t a c k s  of vom iting  w ith in  a week of each 
o th e r ,  which weakened h e r  c o n s id e ra b ly .  S ince th en , 
she has been unable to  walk, s tand  or even s i t  up, and 
a lthough  she seems to  unders tand  what i s  s a id  t o  h e r ,  
mother s t a t e s  t h a t  c h i ld  i s  not so b r ig h t  now as a t  
one y e a r ,  and has  never p layed  w ith  to y s  s in ce  th en . 
P a re n ts  th in k  c h i l d ' s  s ig h t  and h ea rin g  have always been 
good. She ta k e s  h e r  food w ith  a v i d i t y ,  but cannot chew 
w e ll  on account of h e r  bad t e e t h .  Bowels g e n e ra l ly  
c o n s t ip a te d .
CONDITION ON ADMISSION.
P a i r  s iz ed  and m odera te ly  w ell nourished  c h i ld ,  f a t  but 
f la b b y ,  weighing 82 l b s .  2 o z . ,  and m easuring 3 l i "  in  
le n g th .  There seems to  be an in c re a se  of subcutaneous 
t i s s u e  w ith  poor m u scu la tu re .  Her sk in  i s  h e a l th y  and 
co lo u rin g  good. Forehead i s  narrow and c ircum ference 
of head 194". She can n e i th e r  s tand  nor s i t .
E v es . Child can see to  a l im ite d  e x t e n t .  Mystagmus -  
v e r t i c a l ,  l a t e r a l  and r o t a to r y  i s  p r e s e n t .
P u p i ls  a re  eq u a l ,  c i r c u l a r  and m odera te ly  
d i l a t e d .  React nonnally  to  l i g h t  and on accommodation.
Opthalmoscopic exam ination r e v e a ls  double o p t ic  
a trophy  but nn m acular or p igm entary  change.
E a r s . Child can h ea r  to  a l im ite d  e x te n t .
Nose. S l i g h t l y  sadd le-shaped .
NERVOUS SYSTEM.
1. I n t e l l e c t u a l  F u n c t io n s . Child behaves l i k e  a c h i ld  o f 
n ine  months. Does not evince th e  s l i g h t e s t  i n t e r e s t  in  
a n y th in g , and does not seem to  unders tand  what i s  sa id  
to  h e r .
2 . Motor F u n c tio n s .  No d e f i n i t e  p a r a l y s i s  d e tec ted  in  
any re g io n ,  bu t she can n e i th e r  w alk, s ta n d , nor s i t .
Can grasp  o b je c ts .  The g en e ra l  m usculature i s  poor. 
There i s  no nuchal r i g i d i t y ,  bu t th e  lim bs, e s p e c ia l ly  
th e  upper ones, a re  somewhat s p a s t i c .
Chvosteks s ig n  i s  e a s i l y  e l i c i t e d .
E l e c t r i c a l  R eac tions  (R ight U lnar Nerve)
&.C.C. = 0 .4  m .ap.
K.O.C. = 5.0+- m.ap.
A.C.C. * 1 .0  m .ap.
A.O.C. -  0 .5  m.ap.
S. R e f le x e s .
T r ic e p s ,  b ic e p s ,  and su p in a to r  j e r k s  o f  b o th  arms 
exaggera ted .
Knee j e r k s  a re  equal and exaggera ted .
P o s i t iv e ,  B abinski p re s e n t  in  bo th  fe e t*
Ankle c lonus not e l i c i t e d .
Abdominal r e f l e x e s  not e l i c i t e d .
4 . Sensory FumpMoW'
As f a r  as  t h i s  could be t e s t e d ,  se n sa t io n  i s  u n n f fo o te d .
4^ ,
Pulse  r a t e  -  104 b e a ts  p e r  m inu te , and q u a l i ty  f a i r l y  good. 
Cardiac exam ination re v e a le d  no th ing  abnormal.
D ig es tiv e  System.
Mouth -  open most o f  the t im e .
Tongue -  c le a n .  Teeth -  d e f i c i e n t  and c a r io u s .
Throat -  n e g a t iv e .  Abdominal exam ination n e g a t iv e .  
Lymphatic System.
There I s  some enlargem ent o f  g lands in  th e  subm axillary  
re g io n .
Ee ep lc f t to rx -Sy s t em.
B rea th in g  i s  q u ie t  and r e g u la r ,  34 r e s p i r a t i o n s  p e r  m inute . 
Ho cough. Lungs normal.
G en ito -u r in a rv  system .
P h y s ic a l ,  chem ical, and m icroscop ic  exam ination o f  the 
u r in e  n e g a t iv e .
Taeaermann Blood T&sL -  Negative r e s u l t .
Von P l r a u e t  Test -  n eg a tiv e  w ith  bovine and human 
tu b e rc u l in .
C erebro-S o inal F lu id .
F lu id  c l e a r  and under s l i g h t  p r e s s u r e .
No c e l l s  and no organisms found. C ultu re  remained 
s t e r i l e .
SUBSEQ.IXENT HISTORY AFTJBR ADMISSION.
Three days a f t e r  adm ission , the  le g s  were n o ticed  t o  be 
q u ite  f l a c c id ,  a lthough  p re v io u s ly  th e y  had been s p a s t i c .
The arms were s t i l l  d e f i n i t e l y  s p a s t i c .  A ll th e  r e f l e x e s  
remained as b e fo re .  The c h i ld  was always very  n o isy .
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e s p e c i a l ly  during  the  n ig h t ,  and on two occasions req u ired  
Potassium  Bromide. She d e t e r io r a t e d  f u r t h e r  m e n ta l ly ,  and 
ceased to  ta k e  any i n t e r e s t  i n  any th ing . Twenty-two days
a f t e r  adm ission , h e r  tem pera tu re  ro se  and t h i s  was accompanied 
by a r i s e  i n  the  p u lse  and r e s p i r a t o r y  r a t e s  (v ide  accompanying 
c h a r t ) .  Next day , d e f i n i t e  d u ln e ss  was d e te c te d  a t  th e  r ig h t  
apex, back and f r o n t ,  w hile  th e  R.M. over th a t  a rea  in  f ro n t  
was tu b u la r  and accompanied by m ois t c l ic k in g  r a l e s .  The 
ch e s t  elsewhere was c l e a r .  Fever and ra p id  b re a th in g  con­
t in u e d ,  and on 81 /2 /19  (28 th  day in  H o sp i ta l)  du ln ess  was 
d e te c te d  a t  th e  base o f  l e f t  lung . U rine con tained  a cloud 
of albumen.
P a t i e n t  d ied  a t  5.30 a.m . on 2 4 /2 /1 9 , th i r ty - o n e  days a f t e r  
adm ission t o  H o s p i ta l .
? -  -  -
CLINICAL HISTORY OP CASE I I I  ( P a t ie n t  "A .H .").
A .H ., -  female -  i s  th e  t h i r d  and youngest member of the
H. fa m ily .  She was an in p a t i e n t  of the Royal H o sp ita l  
f o r  S i  ok C hild ren  on th re e  d i f f e r e n t  ooeasions under the 
care  of Dr. Leonard F in d lay . The f i r s t  date of admission 
was 29 /3 /19  when she was 1 ^  y e a rs  o ld .  She had been seen 
f o r  a few moments on two p re v io u s  o ccas io n s ,  however, when 
she accompanied h e r  m other who was then  v i s i t i n g  Cases I  
and I I .
1 s t  occasion  when s e e n : -  15/1/19* Child  th en  aged one 
y e a r .  Examination shewed t h a t  she had s l i g h t  nystagmus, 
and kep t h e r  mouth open. Mother s t a te d  t h a t  t h i s  had been 
p re s e n t  f o r  two weeks.
2nfl oooaalon when s e e n : -  8 /8 /1 9 .  Sever© tiystagmns and 
p a l l o r  o f  bo th  o p t ic  d i s c s  n o ted .
3 rd  occasion  when s e e n :-  2 9 /3 /1 9 . a e t .  1 ^  y e a rs .
Admitted as  in p a t i e n t  to  Royal H o s p i ta l  f o r  S ick  C h ild ren .
FAMILY HISTORY -  a s  i n  p re v io u s  c a se s ,  except t h a t  Cases I  
and I I  had d ied  when case I I I  was adm itted  to  H o s p i ta l .
PREVIOUS HEALTH.
The c h i ld  was born a t  f u l l  term and the  labou r was easy  
and n o n - in s tru m en ta l .  The b i r t h  weight i s  unknown. * She 
was v igo rous and h e a l th y  when born and was b r e a s t  fed  f o r  
two months, then  on A lle n b u ry ’s Pood No. I  t i l l  fo u r  
months o ld ,  fo llow ed by A lle n b u ry 's  No. I I  t i l l  1 y e a r  o ld ,  
and t h e r e a f t e r  "the run  of th e  h o u se ."
2% ,
The f i r s t  to o th  was out a t  months, she s a t  up a t  
9^ months, began to  walk round th e  c h a i r s  a t  1 y e a r ,  but 
80 f a r  has never managed to  walk a lone . When about 13 
months o ld ,  she could say a few words. Child has never 
had s n u f f l e s ,  r a s h ,  jau n d ice ,  co n vu ls ions , or any i l l n e s s  
w hatever.
HISTORY OP PRESENT ILLNESS.
As in  th e  case of h e r  e ld e r  b ro th e r  and s i s t e r ,  the p re se n t  
i l l n e s s  d a te s  from the time she was j u s t  over a y ea r  o ld . 
P rev ious  to  t h a t ,  the  p a r e n t s  were s a t i s f i e d  w ith  th e  
p ro g re ss  the  c h i ld  made, and thought she was qu ite  normal. 
The f i r s t  o b se rv a t io n  made was the "up and downward movement 
o f  the e y e b a l l s ” which were alm ost in c e s s a n t  fo r  two months 
and th e n  became le s s  marked. Next "the t e e t h  began to get 
b lack  and soon broke away." I t  was now m an ifes t to  the 
p a r e n t s  t h a t  the  c h i ld  was making no f u r th e r  e f f o r t s  to  
t a l k  o r  walk, and t h a t  she was making no p ro g re ss  w hatever. 
During th e  p a s t  th r e e  months she has tended to  keep h e r  
mouth open when a s le e p .  She o c c a s io n a l ly  p la y s  w ith  h e r  
to y s ,  but soon g e ts  t i r e d  of them. P a re n ts  s t a t e  she can 
h e a r  and se e ,  and re c o g n ise s  h er  r e l a t i o n s .  Bowels are  
v e ry  c o n s t ip a te d .  She s le e p s  soundly and ta k e s  h e r  food 
w e l l .
CONDITION ON ADMISSION. (29 /3 /19)
P a i r  s iz e d ,  w e ll  developed, s tu rd y  female c h i ld  w ith  h e a l th y  
sk in  and good co lo u rin g . Body le n g th  = 29§", Weight *
19 l b s .  14 oz. Square head 19^" i n  c ircum ference .
A n te r io r  f o n ta n e l le  i s  s l i g h t l y  p a t e n t .  P a la te  h ig h ly
a rch ed . No c o n g e n i ta l  m alfo rm ations .
SPECIALSENSES.
E ves . P a lp e b ra l  f i s s u r e s  are h o r iz o n ta l .  L a te ra l  and 
r o t a t o r y  mystagmus p r e s e n t .  No s trab ism u s . P u p ils  
e q u a l ,  c i r c u l a r  and m odera te ly  d i l a t e d .  They b o th  
r e a c t  to  l i g h t  and on accommodation but the  l e f t  more 
s lu g g is h ly  th an  th e  r i g h t .  O ptic d i s c s  are unduly 
p a le  e s p e c i a l ly  the  l e f t ,  the  p e r ip h e ry  o f  which i s  unduly 
p a l e .  No m acular o r  p igm entary  changes. Child can see 
and o c c a s io n a l ly  ta k e s  a l i t t l e  i n t e r e s t  in  h er  surroundings 
E ars and Nose -  n e g a t iv e .
NERVOUS SYSTEM.
1 . I n t e l l e c t u a l  F u n c t io n s . She o c c a s io n a l ly  pays a t t e n t io n  to  
people and th in g s ,  and t r i e s  to  say a few se p a ra te  words.
8 .Motor F u n c tio n s . Can s i t  up bu t cannot s ta n d  unsupported . 
Can g rasp  o b je c t s ,  b u t  no t as  a normal c h i ld  should do.
There i s  s l i g h t  s p a s t i c i t y  of the  arms, bu t none of l e g s .
No a t a x ia .
g .R e f le x e s . Arm and knee je rk s  -  norm al.
No ankle c lonus. B a b in s k i ’s s ign  p re s e n t  i n  b o th  f e e t .  
C hvostek 's  s ig n  i s  p r e s e n t .
4 . S e n sa t io n . No a n a e s th e s ia  o r  senso ry  d is tu rb a n ce  of any 
k ind  as f a r  as one could ju d g e , a lthough  n a t u r a l ly  the 
t e s t s  could n o t be c a r r ie d  ou t v e ry  s a t i s f a c t o r i l y  in  
such a p a t i e n t .
CirdüLlatoryJSy st.sm.
P u ls e , 120 b ea ts  p e r  minute and o f  good q u a l i ty .
Heeirt n e g a t iv e .
D ig e s t iv e  System*
She l i e s  w ith  h e r  mouth open. No adeno ids . She has 
e ig h t  t e e t h  ( th e  fo u r  upper and the  fo u r  lower in c i s o r s )  
and th e y  a re  c a r io u s .  Tongue c le a n .  Throat nega tive  
Abdominal exam ination  n e g a t iv e .
Lymphatic System.
No g la n d u la r  en largem ent.
R e s p ira to ry  System.
The r e s p i r a t i o n s ,  24 p e r  m inu te , are r e g u la r  and q u ie t .  
Lungs norm al. No cough.
G en ito -U rinary  System.
P h y s ic a l ,  chemical and m icroscop ic  exam ination  of the 
u r in e  ne gat iv  e .
On t h i s  occasion  p a t i e n t  was d e ta in e d  in  h o s p i t a l  f o r  one 
week and during  th a t  time n o th in g  of f u r th e r  i n t e r e s t  was 
n o ted . As compared w ith  o th e r  c h i ld re n  of the  same age, 
she was c e r t a in ly  l e s s  a l e r t .  She on ly  s a t  up o ccas io n ­
a l l y  t o  p la y  w ith  h e r  to y s ,  and a t  n ig h t  would c a l l  out a 
g re a t  dea l b e fo re  going to  s le e p .  She took  h e r  food w e l l .  
D ism issed 4 /4 /1 9 .
4 th  0 0 casion  w hen-seen ;-  2 5 /6 /19  to  2 8 /6 /1 9 .
Since l a s t  d is m is s a l  (4 /4 /1 9 )  p a t i e n t  has d e te r io r a te d  
f u r t h e r ,  and now makes p r a c t i c a l l y  no a ttem pt a t  w alk ing , 
b u t can s i t  and ca tch es  o b je c ts  o f fe re d  to  h e r .  She 
has become d u l l e r ,  and l a t e l y ,  su b je c t  to  f i t s  o f  screaming 
during  the n ig h t .  She has a more vacan t e x p re s s io n ,  keeps 
h e r  mouth open, i s  v e ry  i r r i t a b l e ,  and cannot be e a s i l y  
e n t e r t a in e d .  Cannot feed  h e r s e l f .  Measurement r e v e a ls  
t h a t  she has not grown since f i r s t  coming under o b se rv a tio n  
and during  th e  l a s t  2^ months she has  l o s t  14 oz. i n  weight 
(p re s e n t  weight •  19 l b s . )
E yes . V e r t i c a l  mystagmus. P u p i ls  eq u a l ,  c i r c u l a r ,  normal 
in  s i z e .  React to  l i g h t  and on accommodation. Both o p t ic  
d i s c s  v e ry  p a le  on opthalm oscopic exam ina tion , and v e ry  
s h a rp ly  def in ed  i n  o u t l i n e .  very l i t t l e  abnormal t o  be 
seen  in  the  r e t i n a l  oiood v e s s e l s ,  but towards th e  periphery 
of bo th  fu n d i ,  th e re  i s  want o f  p ig m e n ta t io n .
Nervous System. No s p a s t i c i t y  of  l im bs. R e flex es  normal#
B a b in s k i 's  s ig n  p o s i t iv e  in  r i g h t  f o o t .  No C hvostek 's  s ign ,
E l e c t r i c a l  r e a c t io n s
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D ate to
5th_occasion  when s e e n :-  Admitted 5 /5 /2 0 .
C h ild , a l though  now 2 ^ y e a rs  o ld ,  cannot w alk , t a l k  o r  payJo
a t t e n t i o n  to  an y th in g . Her body le n g th  being  now s o j"  and 
h e r  w eight 19^ l b s . ,  she has th e re fo r e  on ly  grown and pu t 
on i  l b .  i n  w eight during the l a s t  10^ months. The a n t e r io r  
f o n ta n e l le  i s  now c lo sed . Her mouth i s  kep t open, h e r  t e e t h  
a re  c a r io u s ,  no adenoids are  p r e s e n t .  She can l i f t  toys  
p la ced  before h e r  but i n  a few moments l e t s  them drop in  an 
a im less  f a s h io n .
E yes. She can see and seems to  recogn ise  h er  p a r e n t s .
There i s  d e f i n i t e  l a t e r a l  mystagmus. The p u p i l s  a re  
d i l a t e d  and r e a c t  to  l i g h t  but no t v e ry  a c t i v e ly .  The fundi 
are pa le  and th e re  i s  pigment a t  the m argins b u t m acular 
change i s  v i s i b l e .
Chest and Abdomen. N eg a tiv e .
Urine -  n e g a t iv e .
Von P lrq u e t  r e a c t io n  -  n e g a t iv e .
On th e  day a f t e r  adm ission , th e re  was d e f i n i t e  s p a s t i c i t y  
of  bo th  arms, bu t the  le g s  were f l a c c i d .  The abdominal 
r e f l e x e s  were n o t e l i c i t e d .  No ankle or  p a t e l l a r  c lonus. 
Both knee j e r k s  were ex ag g era ted . P o s i t iv e  B a b in s k i 's  
s ig n  p re se n t  in  both fee t .N o  Chvosteks s ig n .
Prom t h i s  date -  6 /5 /2 0  -  th e  tem pera tu re  and pu lse  ro s e  
s t e a d i l y ,  a s l i g h t  cough developed, th e  tongue became dry  
and fu r re d  and much p u ru le n t  mucus c o l le c te d  a t  the back 
o f  the t h r o a t .  She developed broncho-pheumonia and d ied  
on 12 /5 /20 .
Summary of th ro e  C l in ic a l  H i t t o r l e e .
An aooount i s  g iven  of a o h ild e h lp  o f  t lm e e , a l l  
a f f e c te d  w ith  a s im i la r  d is e a s e .
The fam ily  h i s t o r y  i*; a nega tive  one, th e re  being  no 
h i s t o r y  of c o n san g u in ity ,  nervous t r o u b le s  o r  l u e t i c  
d ise a se  in  the  p a r e n t s ,  ascendan ts  or c o l l a t e r a l s .  
P rev ious  H ea lth  of P a t i e n t s ,
O b s te t r i c  h i s t o r i e s  good. B i r th  n o n - in s tru m e n ta l .
One c h i ld  was e n t i r e l y  b o t t l e - f e d ,  th e  o th e r  two 
p a r t l y  b r e a s t ,  p a r t l y  a r t i f i c i a l l y  f e d .  Growth and 
development were normal u n t i l  the age of 1 y e a r ,  during  
which time they  had had no i l l n e s s e s  (excep t Case I  
s c a r l e t  f e v e r ) .
P re se n t  I l l n e s s . The e l d e s t  c h i ld  was a male, the  
o th e r  two fem ales. In  each case th e  onset o f  th e  
d ise a se  dated  from the  age of one y e a r .  The oases 
resem ble one an o th e r  c lo s e ly ,  hence a combined 
symptom-complex may be g iven .
The d isease  was c h a ra c te r i s e d  by a p ro g re ss iv e  m ental 
and p h y s ic a l  d e t e r io r a t io n .  The i n i t i a l  o b se rv a tio n s  
were nystagmus, d e n ta l  c a r i e s ,  c e s s a t io n  o f  a t te in t®  
a t  w alking and t a l k i n g ,  the  l a t e r  symptoms being 
apa thy , l i s t l e s s n e s s ,  “screaming f i t s " ;  and 
m ental enfeeb lem ent.
C ond ition  on Admission to  
No g ro ss  c o n g e n ita l  d e fo rm i t ie s .  fha 
case was em aciated , the o th e r  Af 
development. All shewed a
i j ip a im a n t  aa ev inced  by the i n a b i l i t y  to  take any i n t e r e s t  
l a  t h e i r  aarround lnga  or to  t a l k ;  the i r r i t a b i l i t y ,  
"#orcamiag f i t s " ,  and the  ap a th y . There was a ls o  
p h y s ic a l  enfeeb lem ent. None of the c h i ld re n  could 
s tand  unsupported  and even s i t t i n g  v/as an im possib le  
accomplishment (except in  Case I I I ) .  The arms were 
s p a s t i c ,  th e  le g s  only o c c a s io n s ] ly  so . The arm and 
knee je rk s  v a r ie d ,  bu t on the  whole were ex ag g era ted . 
B a b in s k i 's  s ig n  was p o s i t i v e .  The s p h in c te r s  o f  the 
b la d d e r  and rectum were not under c o n t ro l .
E y e s . Nystagmus p r e s e n t .  P u p i ls  n e g a t iv e .  Double 
o p tlc -n e rv e  a tro p h y . No macular changes- In  Case I ,
& p a tc h  of  p i l e n t  was p re s e n t  a t  the tem poral s id e  of 
th e  d is c  (bu t not a t  th e  m acu la): in  Case I I ,  th e re
was no pigm entary  change, while in  Case I I I  pigm entary 
changes a t  the p e r ip h e ry  of the fundus were observed on 
th e  l a s t  occasion  when examined.
S igh t and h ea r in g  were p re se n t  in  a l im ite d  degree 
bu t the c h i ld re n  d id  not understand what was sa id  to  them.
Chest and abdominal exam ination  n e g a t iv e .
The von P irq u e t  cutaneous tu b e rc u l in  r e a c t io n s  were 
n eg a tiv e  w ith  bovine tu b e rc u l in  (except in  Case I )
#nd a l s o  w ith  human tu b e r c u l in .
A l l  r e s u l t s  o f  u r in a r y  and c e re b ro -sp ia a J  f l u i d  
e^ESmiaations as  w e ll  as  the  Wassermann t e s t s  were
n e g a t iv e .
Subsequent H is to r y .
The c o n d i t io n  o f  each c h i ld  became p ro g re s s iv e ly  
worse b u t dea th  was due to  an i n t e r c u r r e n t  d is e a s e .
In  each  case th e  causa m o r t i s  was broncho-pneumonia. 
The ages a t  d ea th  were r e s p e c t iv e ly  4 ^ ,  3 ^ ,  and 
2 ^  y e a r s .
Symptomatology.
The symptomatology of any d ise a se  must he considered  
hand in  hand w ith  i t s  p a th o lo g y . No\'/here i s  t h i s  more 
im portan t than  in  nervous d i s e a s e s ,  because i n  them 
emphasis must be l a i d  upon the  f a c t  t h a t : -
(1) S im ila r  symptoms may be produced in  two p a t i e n t s  
by two e n t i r e l y  d i f f e r e n t  -patho logical p ro c e s se s ,  
e . g .  S y p h i l is  and tu b e r c u lo s i s  are  two e n t i r e l y  
d i f f e r e n t  d is e a s e s  and ye t by in v o lv in g  s im i la r  
p a r t s  of th e  b r a in ,  th ey  may cause v e ry  s im i la r  
symptoms.
(8) Conversely  the  same p a th o lo g ic a l  p ro c e ss  in  two 
d i f f e r e n t  p a t i e n t s  may produce e n t i r e l y  d i f f e r e n t  
s ymptoms.
e .g .  a s y p h i l i t i c  l e s io n  nea r  the Rolandic a rea  
in  one p a t i e n t  would cause symptoms d i f f e r i n g  
markedly from those caused by a s im i la r  s y p h i l i t i c  
l e s io n  in v o lv in g  some of the c r a n i a l  n e rv es .
I t  i s  n o t uncommon to  f in d  c a se s ,  the c l i n i c a l  r e p o r t s  of 
which c lo s e ly  resem ble T ay-Sachs’ d isease  bu t which d id  
not s u f f e r  from t h i s  d is o rd e r .  There a re  d is tu rb a n c e s  
of v i s i o n  in  c h i ld re n  accompanied by m enta l impairment 
and p h y s ic a l  weakness which may e a s i l y  c a rry  a wrong 
d ia g n o s is  of Tay-Sachs' d isease  i f  due care i s  not e x e r ­
c ise d  in  e l im in a t in g  s y p h i l i s  and co n g e n ita l  c o n d i t io n s .  
Pre and p o s t  n a t a l  c e re b ra l  p a l s i e s ,  myoclonic e p i le p sy  
( f a m i l i a l ) ,  (v ide O s ie r  & McCrae's "P r in c ip le s  and 
P ra c t ic e  of Medicine" 1920 p .  952), C ongen ita l Amblyopia,
(M aitland Ramsay p .  599), the  "H ered ita ry  Macular Anomaly" 
r e f e r r e d  to  by Oatman ( p . 251) and o th e r  co n d it io n s  might 
cause some d i f f i c u l t y  in  d ia g n o s is .
To i l l u s t r a t e  t h i s .  S to c k 's  fo u r  cases are by some 
c l a s s i f i e d  as examples of  ju v e n i le  Tay S achs ' b u t the 
c l i n i c a l  h i s t o r i e s  suggest a s y p h i l i t i c  b a s i s .  By most 
w r i t e r s ,  s y p h i l i s  i s  not regarded  as being an e t i o l o g i c a l  
f a c t o r  i n  Tay Sachs ' d is e a s e ,  and hence S to c k 's  cases  should 
remain u n c l a s s i f i e d  fo r  the  p r e s e n t .
A nega tive  Wassermann R eaction  was o b ta in ed  in  each of 
th e  th re e  cases d esc r ib ed  in  t h i s  t h e s i s .  The q u es tio n  of 
b i r t h  traum atism , co n g e n ita l  forms of id io c y ,  hydrocepha lus , 
and h e r e d i ta r y  t a i n t s  were a l l  e l im in a te d  and I  submit t h a t  
th e se  cases  can j u s t l y  be c l a s s i f i e d  as  examples of  ju v e n i le  
Tay Sachs. C e r ta in ly  the f a m i l i a l  f a c t o r  i s  v e ry  marked.
I n  o rd e r  to  f a c i l i t a t e  the  d is c u s s io n  of the p a r t  
p layed  by these  oases in  b r id g in g  th e  gap between the 
% i n f a n t i l e  and ju v e n i le  ty p e s ,  one may cons ider  the
fo l lo w in g :-
I .  Summary o f  symptoms in  th e  I n f a n t i l e  Type.
I I .  • " " " " Ju v e n ile  *
I I I .  R e l a t i o n s h i p  o f  t h e  t h r e e  c a s e s  d e s c r i b e d  i n  t h i s  
t h e s i s  to  t h e  a b o v e  t y p e s .
I .  Summary of Svmptoms Of I n f a n t i l e  Tay-Sachs D is e a s e .
The fo llo w in g  i s  S ach s’ summary as g iven  by him in  O s ie r  
& McCrae ' s System o f  Medicine .
" 1 . A m enta l impairment during the  f i r s t  months of l i f e  
lead in g  to  ab so lu te  id io c y .
s* P a re s is  o r  p a r a ly s i s  of th e  g r e a t e r  p a r t  of the body,
whioh may be e i t h e r  f l a c c i d  or s p a s t i c .
The r e f l e x e s  may be normal, d e f i c i e n t ,  o r  increased*
4# A d im inution  of v i s io n  te rm in a t in g  i n  ab so lu te  
b l in d n e s s  f" the  che rry  red  spo t"  i n  the reg io n  
o f  the  macula lu te a  and l a t e r  a simple o p t ic  nerve 
a t ro p h y ).
5. Marasmus and a f a t a l  te rm in a t io n ,  a s  a r u l e , before
th e  age of 2 y e a r s .
6* The occurrence of th e  a f f e c t i o n  i n  s e v e ra l  members 
of the  same fam ily .
In  some, but not i n  a l l  o f  th e  cases  -
7. Nystagmus*
8 . S trab ism us.
9. E y p erac u s is .
10. Convulsions.
Add to  t h i s  th e  f a c t  t h a t  the c h i ld re n  a re  a p p a re n t ly  
i n  p e r f e c t  h e a l th  a t  b i r t h  and g e n e ra l ly  remain so u n t i l  
5-6 months, a l s o  th e  r a c i a l  p re  d i s p o s i t io n  (Jew s), and 
one has a f a i r l y  complete p ic tu r e  o f  th e  d is e a s e .
I I -  Sugfflaarv of the  Symptoms in  Ju v e n ile  Tay-SachS:^
T his  i s  o f te n  r e f e r r e d  to  as the  Spielmeyer-Vogt type of the 
d is e a s e .  I  g ive the fo llow ing  t r a n s l a t i o n *  by P . E. B a tte n  
o f  V ogt' s c l i n i c a l  p i c t u r e .
"A h i t h e r t o  h e a l th y  c h i ld  (u s u a l ly  more th a n  one in  a 
fam ily  w ith o u t a r^  sp e c ia l  race  d is p o s i t io n )  becomes i l l
K P .E . B a tte n ,  Quart* Journ . Med. Ju ly  1914. p . 445
during  the school age , sometimes between the age of fo u r te e n  
and f i f t e e n .  The c h i ld re n  in  the same fam ily  become a f fe c te d  
i n  the  same y ea r  o f  l i f e .  The beginning  i s  g ra d u a l :  the
f i r s t  symptom i s  u s u a l ly  the f a i l u r e  of s i g h t ,  b u t  lo s s  of 
m en ta l c a p ac ity  or motor weakness may f i r s t  appear. The 
lo s s  of s ig h t  p a s se s  in  the  course o f  months to  a complete 
b l in d n e s s .  O phthalm oscopically  th e re  i s  a trophy  of the  
p a p i l l a .  The m ental development s tan d s  s t i l l ,  o r  goes back. 
The c h i ld re n  do not p ro g re ss  i n  the  sch o o l,  soon lo se  the 
acq u ired  c a p a c i ty  to  read  and w r i t e ,  and, l a s t l y ,  of speech. 
They become u n s o c ia l ,  d i r t y  in  e a t in g ,  u n c lean  in  h a b i t s ,  
and t o t a l l y  i n a t t e n t i v e  to  t h e i r  su rround ings , no longer  
know t h e i r  own mother or  make a r t i c u l a t e  speech. L i t t l e  
by l i t t l e  they  become com plete ly  demented. Hand in  hand, 
in  most c a ses ,  th e re  i s  d im inution  of motor fu n c t io n ,—a t 
f i r s t  weakness in  the limbs and back, l a t e r  complete 
p a r a l y s i s .  The p a r a l y s i s  i s  sometimes f l a c c id ,  sometimes 
s p a s t i c ,  le ad in g  to  complete h e lp le s s n e s s ,  a t ro p h y , and 
d e a t h . "
Prom the above c l i n i c a l  p ic tu re  of the .juvenile ty p e .
I t  w i l l  be seen t h a t  th e re  i s  a c lose  resemblance to  th e  
i n f a n t i l e  ty p e .  There a r e ,  however, th re e  d i f f e r e n t i a l  
p o in t s ,  v i z : -
(1) There i s  no p a r t i a l i t y  towards th e  Jewish r a c e .
(2) The m acular changes are no t pathognomonic and do not
conform to  the  ty p ic a l  d e s c r ip t io n  o f  "ch e rry -re d  
spot in  the cen tre  of  a w h i t i s h  grey  oval p a tch  
a t  th e  re g io n  of the macula l u t e a . "  In  f a c t ,  some
ca se s ,  ( e .g .  K u f f l e r ' s  case No. IV and my own) show
no changes e x a c t ly  a t  the macula a lthough  the re  are 
O ther fundal changes p r e s e n t .  The ophthalmoscopic 
changes couJd th e re fo re  be r e f e r r e d  to  w ith  more 
freedom as " r e t i n a l "  r a t h e r  than  "m acular’’ .
(S) The d ise a se  occurs l a t e r  in  l i f e  -  hence the in c lu s io n  
o f  th e  qualif,^rlng, a d je c t iv e  " ju v e n i le "  in  c o n tra ­
d i s t i n c t i o n  to  " i n f a n t i l e " .
Oatman (1911) subdivided  t h i s  form of d eg en era tiv e  d ise a se  
i n t o
(1) The "m acu lo -ce reb ra l"  ty p e ,  i n  which bo th  r e t i n a  and 
b r a in  are a11 a eked.
(a) Ihe term  i s  meant to  convey the  id e a  o f  f a i lu r e
of v i s i o n  combined w ith  f a i l u r e  of i n t e l l e c t .
(b) The o nse t o f  the  d isease  i s  between th e  5 th  and
7 th  y e a rs  -  th e  p e r io d  of second d e n t i t i o n .
(2) The "macula" ty p e ,  in  which th e  r e t i n a  i s  a t ta c k ed
by th e  p a th o lo g ic a l  p r o c e s s  but th e  b ra in  e scap es .
(a) % i s  term i s  meant to  convey the  id ea  of eye
symptoms w ithou t the  a d d i t io n  o f  dem entia.
(b) The onset of the  d ise ase  i s  between 14 to  16
y e a rs  -  th e  period  of p u b e r ty .
Some a u th o rs  ( e .g .  Clark 1918) accep t t h i s  c l a s s i f i c a t i o n ,  
o th e rs  do not ( e .g .  G iffo rd  1912). This c l a s s i f i c a t i o n  
im p l ie s  th a t  m acular changes are always p r e s e n t .  This 
I s  no t so i Under what group can one p laoe cases  in  
which th e re  are  r e t i n a l  changes but no macular changes?
In  the sa#e e h i ld s h ip  one may ge t cases w ith  abnormal 
m acular appearances , and o th e rs  w ith  oph tha lm oscop ica lly  
a p p a re n t ly  normal m aculae.
9I f  one ta k e s  the fam ily  deso rlhed  by K u f f le r ,  the  
r e s u l t s  may be ta b u la te d  thus
C h ild .
P resence  o r  
absence of 
im b e c i l i ty .
P resence or 
absence of 
o p t ic  nerve 
a tro o h v .
Was p e r ip h e ry  
o f  r e t i n a  a f ­
f e c t e d .
Macular changes.
No. 1 Yes. Yes. Yes. D ir ty  red  spot a t  
the  m acula.
No. 2 Yes. Yes. S l i g h t .
( a t  l e a s t ,  
sp o ts  faded 
tow ards th e  
p e r ip h e ry )
Coarse sp o ts  a t  the 
m acula.
No. 3 Almost none Yes. No:- a t  
f i r s t .
Y e s :-  l a t e r  
when th e re  
was 8 (me 
f in e  p ig ­
m e n ta t io n .
Y e s :-  a t  f i r s t  spo ts  
a t  the p o s t e r i o r  p o le .  
Y es :-  l a t e r  when the  
macula had a r e d d ish  
spot i n  the ce n tre  
of  a y e l lo w ish  a rea  
w ith  r a d ia t io n s  a t  
i t s  m argin.
No. 4 No. S l i g h t . Yes* No change.
From t h i s  ta b le  i t  w i l l  be seen t h a t  here  in  th e  one 
fa m ily ,  o h i ld re n  s u f f e r in g  from the same d is e a s e ,  p r e ­
sen ted  s l i g h t l y  d i f f e r i n g  symptoms and th e  d i f f i c u l t y  
of  d i f f e r e n t i a t i n g  th e  ty p e s  i s  obv ious.
Case I .  Mental -» Macular + P e r ip h e ra l  R e t in a l  Changes.
Case I I .  M ental Macular S l ig h t  P e r ip h e ra l  R e t in a l
Changes.
Case I I I .  S l ig h t  m ental 4 e a r l y  m acular 4 l a t e  P e r ip h e ra l
R e t in a l  Changes
Case IV. No m ental + no m acular 4. s l i g h t  p e r ip h e ra l
R e t in a l  Changes.
Ub,
The table a l s o  se rv es  to  i l l u s t r a t e  Darter's remark t h a t  
" the more p reco c io u s  the m acular changes, th e  more l i k e l y  
are the  c e re b ra l  fu n c t io n s  to  be a f f e c te d * .
Again, t a k in g  the  cases  d esc r ib ed  i n  t h i s  t h e s i s : *
Case. Presence o f  
Im b e c i l i ty .
Presence of 
o p t ic  atro­
phy.
Changes a t  
p e r ip h e ry  of 
fu n d u s .
Macular Changes.
*0.1 Yes. Ye 8. P a tch  of p ig -  
me n t .
None.
*0.2 Y es. Yes.
i _
None. lo n e .
*0*5
r """■' ■' ^
\ Y es. Ye s » Pigmented et 
l a s t  examin­
ation.
lone.
Although optic atrophy was present in all these cases, none 
sîsoreâ changes at the macula. It is  possible that if  the 
ohildren had lived longer. Instead of being carried away 
an intercurrent disease (broncho-pneimonla), some 
ehangee might have become v isib le  at the maculae.
H i e  TfHtfg C l in ic a l  1 a tio n e h ip  betw een th e  I n f a n t i l e  E-nd Jh v c n ile
forms ^  D isease and the part played by the present
@MSS in  forming a connecting link ,
n #m „ w  ,# r , f rr - ip - m <ir- itr-r- frr-' i
* a  yUlf vcRzl# see#  t #  l î *  ..asSi
At D r. &11 were
ty  Dr- Ae WAltL&Jii he-
op ol i  T& % f l-d  hng,m *
Ju v e n ile  g roups: p a th o lo & lo a llv  on ly  a o rev ioo . The
f a c t o r s  c h ie f ly  r e sp o n s ib le  fo r  t h e  b reech  i n  c l i n i c a l
c o n t in u i ty  are th e  d i f f e re n c e s  in  age in c id e n c e , race
p r o c l i v i t y ,  and eye symptoms. Are th e se  s u f f i c i e n t  to
se p a ra te  th e  two types?  I s  th e re  not a p o s s i b i l i t y  o f
b r id g in g  the gap w ith  connecting  l in k s ?  In  o rd e r  to
answer such q u e s t io n s ,  I  had to  make a thorough sea rch
through as many re p o r te d  oases as p o s s i b l e ,o f  bo th  types
o f  the d is e a s e .  I  would here p o in t  out t h a t  th e  number
o f  r e p o r te d  ju v e n i le  cases  I s  co n s id e rab le  -  f a r  more than
c e r t a in  a r t i c l e s  would lead  one to  im agine. The ju v e n i le
gruup i s  no t as  c l e a r ly  de f in ed  as the  i n f a n t i l e  one, and
my a ttem pt to  arrange th e  cases  f o r  d e s c r ip t iv e  purposes
under such head ings a s ‘macular* and *maculo-cerebral* has
been abandoned. The fo llo w in g  i s  an incom plete l i s t  o f
some ju v e n i le  eases^ a  p r e c i s  o f  each  ease i s  Im prac t-  
*
i c a b l e .
( J )  a. p .  BATTEH. (2 cases)
Trans. Ophth. Soc. 1897, XVII, 48.
(2) g . E. BATTEN. ( 7 cases)
Ca ) 2 ,  in  Ophth. T rans . U.K. 1903, x x i i i ,  390. 
T h e ir  subsequent h i s t o r i e s  a re  g iven  in  
P ro c . Roy. Soc* Med., 1915, v l i i ,  Ophth*
8e c t  # p # 72.
(A) 3 ,  i n  P ro c . Boy. Soc* Med., 1915, T U I ,
Ophth. S e c t .  p . 72.
The r e f e r e n c e s  are  given a t  th e  end o f  th e  t h e s i s  bu t 
some a re  in c o rp o ra te d  in  the te x t  where confusion
might a r i s e .
(o) 8, Fred B. and Henry B* These are 
mentioned in  th e  "SuiTmary" i n  Q uart.
Jo u rn . Med. 1914, V II ,  p . 451.
The oases mentioned in  the "body" o f  th e  
paper a re  the  same as  under (b)
(3) BEHR. (a cases)
M onatschr. f .  Psyeh. 1910, XXVIII, p . 327.
(4) BIEùSfiiEESKX: (3 ca ses )
Deutsche Z e i t s c h r .  f .  N ervenhe ilk , 1913, 1, p . 7.
(5) CLARK. (2 cases)
(6) PARIER. (5 cases)
(7) FIR&OWÆ. (2 cases)
(8) GIFFORD. (1 case)
He a lso  r e f e r s  to  5 o th e r  cases  about which some 
doubt i s  ex p ressed .
(9) GORDON. (2 cases)
(10) HIGIEfi. (8 cases)
In  D eutsche. B e l t ,  f . N ervenheilk  IX p .  I  
f o u r  s i s t e r s  a re  d esc r ib ed  w ith  the d is e a s e .
In  Deutsche Z e i t .  f .  N ervenheilk  XXXI p .  231 
fo u r  o th e r  oases are  d esc r ib ed .
(11) ICHIKAWA (1 case)
(12) KUFFLER (4 cases)
(13) MAYQU (3 cases )  1904.
(14) muiam o m  (2  oases)
(15) NETTLESHIP (1 case)
In  h i s  paper "On some oases p o s s ib ly  a l l i e d  t o  Tay
Sachs* I n f a n t i l e  R e t i n i t i s "  T rans. Ophth. Soc. 1908
p .  76, he d e s c r ib e s  t h i r t e e n  p a t i e n t s  b u t only  No. i
U l
In  the s e r i e s  can be ad m itted .
(16) OATMAN (8 cases )
(17) ROGALSKI (1 case)
(18) aPIIiliER (8 cases)
(19) STARGARDT (10 cases)
Z e i t s c h r .  f .  A ugenheilk , 1913, XXX. p .  95.
Also Arch. f .  Ophth. 1909, I x x i ,  543.
(80) VGGT. (6 cases)
Monatschr- f .  Psych, u .  Neur. 1905, XVIII, 163. 
(21) WANDLEgg. (3 cases)
(28) WQLFSOHN. (1 case)
(83) DR. LEONARD FINDLAY’S th re e  cases which form the  
su b je c t  o f  t h i s  t h e s i s .
The above make a t o t a l  o f  67 c a se s .
Sydney Stephenson ( in  th e  d is c u s s io n  a t  th e  end o f  Mayou's 
p ap e r ,  T rans. Ophth. Soc. U.K. 1904, XXIV, p . 145) s t a t e s  
t h a t  he had a case 6 ^  a g i r l  aged 12 y e a r s .  I t  i s  a l s o  
mentioned t h a t  S t i l l  and Gunn had shown cases a t  a p rev io u s  
m eeting but I  have been unable  to  f in d  an account o f  them 
i n  the  T rans, of the Ophth. S o c ie ty .
S p ie lm ey e r 's  fo u r  cases are  d oub tfu l because of the  p o s s i ­
b i l i t y  o f  s y p h i l i s  being  an e t i o l o g i c a l  f a c t o r .
In  a d d i t io n  th e re  a re  the fo llo w in g  cases  which I  have not 
v e r i f i e d  p e rs o n a l ly
H irsch b e rg , 1 case , quoted by Oatman.
c i te d  by O lark .
c i t e d  by Wolfsohn.
Pusey, 5 eases
Jenn ings , 3 
P e in g o ld , 3 
Xiut z • 4 —
S t i r l i n g ,  3 
Deroum.
T urner.
From a d ig e s t  o f  the c l i n i c a l  h i s t o r i e s  i n  the above- 
mentioned l i s t  of ju v e n i le  e a se s ,  I  have a ttem pted  to  
f in d  connecting  l i n k s  w ith  regard  t o  th e  th re e  d is s e n t in g  
f a c t o r s :
I .  Age in c id e n c e .
I I .  Race p r o c l i v i t y .
I I I .  Eye Symptoms.
I . Connecting l in k s  i n  r e g a rd  to  age in c id e n c e .
The onse t of the  d ise a se  in  by f a r  the  g r e a t e r  number of 
I n f a n t i l e  cases  i s  i n  the  t h i r d  to  th e  s ix th  month. 
T h e re a f te r  a gap e x i s t s  u n t i l  the  p e r io d  of second 
d e n t i t i o n  i s  reached  when one meets w ith  a group of 
m acu lo -ce reb ra l  ju v e n i le  c a se s .  C a re fu l  se a rc h  h as , 
however, re v e a le d  q u ite  a number of s t r a g g l in g  cases  i n  
which th e  symptoms o f  the  d ise a se  commenced between the 
p e r io d  of in fan c y  and second d e n t i t i o n .  One of r a r e s t  
tim es  o f  onset i s  perhaps between the ages of 1 and 2 
y e a r s .  The cases  which form the s u b je c t -m a t te r  o f  t h i s  
t h e s i s  f i l l  t h i s  gap. As f a r  as I  am aware they  a re  the 
youngest ju v e n i le  oases in  which a p a th o lo g ic a l  exam ination
Afc:
h as  been made* In  the  m a tte r  of age in c id e n c e ,  t h e r e ­
f o r e ,  they  v e ry  c lo s e ly  resemble i n f a n t i l e  Tay Sachs* 
d i s e a s e .
To i l l u s t r a t e  how the in te rv e n in g  gap between 
in fan c y  and second d e n t i t i o n  may be f i l l e d  up , I  append 
th e  fo llo w in g  t a b l e .  More examples may e a s i l y  be d i s ­
covered to  confom  to  some of th e  y ea rs  m entioned.
In fa n c y .
T
P eriod  o f  onset of d is e a s e . Cases.
J u s t  a f t e r  the 1 s t  y e a r . D r. F in d la y ’s th re e  cases  
d e sc r ib ed  in  t h i s  t h e s i s .
During the  2nd y e a r . The t h i r d  c h i ld  in  V o g t 's  * 
second fam ily .
D uring th e  3rd y e a r . P. E. B a t t e n 's  5 cases  (1914).
During th e  4 th  v e a r . Bielsohowsky*s 4 ca se s .
During th e  5 th  y e a r . Ich lk a w a ' s c a s e .
During th e  6 th  y e a r . P irukow a 's  g ca ses .
During th e  7 th  y e a r . Mayou's th re e  ca ses  (1904)
2nd D e n t i t io n ,
* Vogt re p o r te d  s ix  cases  out of th r e e  f a m i l i e s ,  v i z :
2 i n  the  f i r s t ,  1 in  th e  2nd, and 3 in  the t h i r d .  As 
G iffo rd  p o in t s  o u t ,  however, -  "The second of th e se  
f a m i l ie s  i s  most i n t e r e s t i n g  as showing a tendency 
towards the  Tay-Sachs type ( i . e .  i n f a n t i l e ) .  The c h i ld  
seen by Vogt showed th e  f i r s t  s ig n s  of the d is e a se  a t  
4 y e a rs  and d ied th re e  y ea rs  l a t e r .  But th e re  were two 
o th e r  c h i ld re n  i n  the fam ily  who e v id e n t ly  had th e  same 
d is e a s e ;  one of  th e se  began t o  f a i l  a t  4 y ea rs  and d ied  
two y e a rs  l a t e r :  while i n  a t h i r d  c h i ld  th e  d isease  began
i n  th e  2nd y e a r  and developed so r a p id ly  t h a t  b l in d n e s s
A fte r  the  age of 2nd d e n t i t i o n ,  th e re  i s  a la rg e  group of 
oases  ( th e  "macular" group) about th e  ages of 12-14 y e a rs  -  
th e  p e r io d  of p u b e r ty .
I t  i s  n a t u r a l ,  I  t h in k ,  th a t  th e  "grouping" o f  the  cases 
should be a t  the p e r io d s  o f  in fa n c y , 2nd d e n t i t i o n ,  and 
p u b er ty .  P e c u l ia r  b io -ch em ica l changes take  p la ce  a t  these  
tim es  and i f  a breakdown in  th e  nervous system i s  imminent, 
the  p r o b a b i l i t y  i s  t h a t  i t  w i l l  occur th e n ,  r a th e r  than  in  
the  In te rv e n in g  l a t e n t  p e r io d s .
We have th e  a u t h o r i t y  of Mott* th a t  v e ry  "im portant 
s y n th e t i c  chemical changes take p lace  i n  the c e n t r a l  nervous 
system of the  human being  in  in fa n c y .  The N ise i  substance 
has t o  be accum ulated in  the nerve- c e 11s, e s p e c i a l l y  in  those  
of l a t e r  p h y lo g e n e tic  and o n to g e n e tic  developm ent; the 
m yelin  has to  be d ep o s ite d  around the a x ia l  f i b r e s  of the  
neurones, p a r t i c u l a r l y  in  the b r a in  c o r te x ,  where th e re  i s  
s c a rc e ly  any p re s e n t  a t  b i r t h .
1. The d i f f e re n c e  i n  age in c id en ce  between the i n f a n t i l e  and 
ju v e n i le  forms of T ay -S achs 'd isease  should  n o t be regarded  
as  a s u f f i c i e n t  re a so n  f o r  th e  complete s e p a ra t io n  of the  
two ty p e s .
2 , Dr. F in d la y 's  c a se s ,  th e  s u b je c t  o f  t h i s  t h e s i s ,  i n  the 
m a t te r  o f  age in c id e n c e ,  are  v e ry  c lo s e ly  r e l a t e d  t o  the 
I n f a n t i l e  form o f  Tay-Sachs* d is e a s e .
* P roc . Roy. Soc. Med. March 1911, p . 175.
I I .  Connecting l i n k s  I n  re g a rd  to  ra c e  p r o c l i v i t y .
Sachs, In  h i s  a r t i c l e  i n  O s ie r  & McCrae'e "System of 
Medicine "* makes the  fo llo w in g  o b s e rv a t io n : -  "The i n f a n t i l e  
form in v a r ia b ly  occurs among the Hebrews and %nong them o n ly . 
H is s ta tem en t must n e c e s s a r i ly  c a r ry  the g r e a t e s t  w eigh t.
The number of re p o r te d  cages of  i n f a n t i l e  Tay S achs ' 
d ise ase  h a s ,  however, g r e a t ly  in c re a se d  and now I  th in k  
i t  would be more c o r r e c t  to  make t h i s  s ta te m e n t : -  "The 
la rg e  m a jo r i ty  (b u t not a l l )  o f  the cases of i n f a n t i l e  
Tay S ach s’ occur among Jew s." Again, re g a rd in g  the  
ju v e n i le  ty p e ,  one may s t a t e  th a t  the  m a jo r i ty  (b u t not 
a l l )  a re  G e n t i le s .
I  give the  fo llow ing  d a ta  as showing the  i n t e r ­
r e l a t i o n s h i p  i n  the m a t te r  o f  r a c i a l  p r o c l i v i t y  between 
the  i n f a n t i l e  and ju v e n i le  ty p e s .
(1) There are  some p u b lish e d  cases of I n f a n t i l e  Tay Sachs* 
d isease  in  NON-Jew ish  c h i ld re n .
(a)  Cockayne r e p o r t s  th e  case of a c h i ld ,  h e a l th y
t i l l  5 months, who showed c h a r a c t e r i s t i c  m acular 
changes. The c h i ld  was of E n g lish  d e sc e n t .  
Cockayne does not a c tu a l ly  use the  term "G entile*  
bu t from o th e r  remarks in  h i s  p a p e r ,  he e v id e n t ly  
means the re a d e r  to  i n f e r  t h a t  th e  ch ild  was not 
a Jew.
* 1910, Vol. V II ,  p .  873
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(b) G if fo rd  makes the fo llo w in g  remarks i n  an e x c e l le n t  
and o r i g i n a l  a r t i c l e .
"While a la rg e  m a jo r i ty  o f  the  eases  o f  Tay-Sachs' 
(he always u se s  t h i s  term  in  r e f e r r i n g  t o  the 
i n f a n t i l e  type) occur among Jews, i t  i s  by no means 
Qonfined to  t h a t  r a c e . B esides  a number o f  cases  
among Aryan G e n t i le s ,  a t  l e a s t  one ease has been 
r e p o r te d  among th e  Ja p a n e se ."
(e) E. M. T arr  has  p u b lish ed  an a r t i c l e  e n t i t l e d ,
"A case of am aurotic  fam ily  id io c y  o f  non-Jewish 
p a ren tag e"  i n  the L o u is v i l le  Month. J .  M. & S.
(2) There a re  cases  of  Ju ven ile  Tay Sachs* di sease i n 
c h i ld re n  who are  not Gent i l e s , . b u t  _who,...in_fa c t , are  
d e f i n i t e l y  s t a t e d  to  be Jews.
(a) The fam ily  re p o r te d  by H ig ie r  i n  the Deutsche 
Z e i t .  f .  N ervenheilk  (N.B. lOlXl p . 231) i s  
e x c e p t io n a l ly  i n t e r e s t i n g .  They are  s t a t e d  
to  be Jews and y e t  the  f i r s t  th re e  a re  i n  every 
r e sp e c t  Ju v e n ile  c a se s ,  while th e  fo u r th  shows 
I n f a n t i l e  eye symptoms.
1 s t  c h i ld :  S igh t began to  f a i l  in  the f i r s t  
y e a r ,  sim ple o p t ic  nerve a t ro p h y .
2nd c h i ld :  P r a c t i c a l l y  same as th e  f i r s t  c h i ld .
X 1915-16, XXII, 353-357. This re fe re n c e  v/as o b ta in ed  in  
th e  "Indea Medicus" 1916. I  have no t been ab le  t o  v e r i f y  
th e  a r t i c l e  p e r s o n a l ly .  Although most au th o rs  nowadays 
use the t e r n  "Amaurotic fam ily  id io c y "  to  mean an 
" in f a n t i l e "  case th e re  i s  a p o s s i b i l i t y  t h a t  t h i s  case 
may be a ju v e n i le  one. I t  being the r u l e ,  r a t h e r  th an  
the  ex c ep tio n , f o r  Ju v en ile  cases  to  be non-Jew ish , I  do 
not th in k  T arr  would have framed h i s  t i t l e  as he has done 
i f  he were r e f e r r i n g  to  a ju v e n i le  case .
Brd o h l îd .  I n i t i a l  aymptome not t i l l  4 th  y e a r .
Motor power of limbo Im paired , m ild  
im b e o l l l ty ,  amblyopia, nystagmus of in ­
d e f in i t e  ty p e , a trophy  of o p tio  n e rv es .
4 th  o h i ld ,  was f l r a t  seen when 13 months o ld .
P u p ils  equal and r e a c t  to  l i g h t ,  e y e b a l l s  
d iv e rg e n t ,  no p a r e s i s  of m uscles o f  eye­
b a l l ,  no nystagmus, s ig h t  appears to  be 
confined  to  l i g h t  p e rc e p t io n  on ly , d e f in i t e  
a tro p h y  of bo th  p a p i l l a e  w ithou t in f lam ­
m atory s ig n s .  In  the reg io n  o f  th e  
macula lu te a  th e re  was a f a i r l y  la rg e  
oval w hite spot w ith  a re d d ish  spot In  
the c e n t r e .
(b) H ig ie r  a lso  r e p o r t s  ano ther  fam ily  ( in  Deutsche Z e i t .
f .  N ervenheilk  IX p . l ) .  They are fo u r  s i s t e r s ,  and being 
normal u n t i l  the ages of 12, 10, 9 and 7 y e a rs  r e s p e c t iv e ly  
may be cons idered  ju v e n i le  c a s e s ,  I  cannot f in d  any s t a t e ­
ment i n  th e  t e x t  t h a t  th e  p a t i e n t s  a re  Jews b u t th e  name 
"Abramson" i s  s u g g e s t iv e ,  a l s o  the  physiognomies p o r tra y ed  
i n  the  pho tographs .
(c )  Gordon r e p o r t s  two c a se s ,  a b r o th e r  and s i s t e r ,  aged 
12 and 9 y e a rs  r e s p e c t iv e ly .  They a re  s t a t e d  to  be 
o f fsp r in g s  of Russian  Hebrews.
In te rm arr ia g e  between Jews and G e n t i le s ,  has been suggested  
as  a reason  f o r  the  occurrence of  Tay Sachs* d ise ase  In 
G e n t i le s ,  w hile th e  p r e d i l e c t i o n  f o r  Jews i s  s a id  t o  be 
an i l l u s t r a t i o n  o f  th e  gen e ra l o b se rv a tio n  t h a t  nervous
d eg en e ra tio n s  a re  more prone to  occur in  Jews than  o th e r  
r a c e s .
C onc lusions .
1 . The d i f f e re n c e  i n  race  p r o c l i v i t y  i s  n o t a s u f f i c i e n t  reason  
f o r  th e  comple te  se g re g a tio n  of th e  i n f a n t i l e  and ju v e n i le  
ty p e s  o f  Tay S achs ' d is e a s e .
8 . Cases a re  re p o r te d  of i n f a n t i l e  Tay S achs ' d ise ase  o cc u rr in g ,  
no t i n  Jews, but i n  G e n t i le s .
3 . There a re  r e p o r te d  cases  of ju v e n i le  Tay Sachs* d ise ase  
o c c u rr in g ,  not in  G e n t i le s ,  bu t i n  Jews.
I I I .  Connecting l in k s  between th e  I n f a n t i l e  and ju v e n i le  types  
of  Tay Sachs* d is e a se  in  reg a rd  t o  eye symptoms.
No d i f f i c u l t y  i s  experienced  w ith  reg a rd  to  such con­
d i t i o n s  as nystagmus and o p t ic  nerve a tro p h y . There a re  
numerous examples o f  each  i n  both ty p es  of  Tay S ach s ' 
d is e a s e .  Nystagmus i s  not a r a r e  occurrence and C o r ia t  
m entions i t  s p e c i a l l y  i n  h i s  a r t i c l e  e n t i t l e d  "Sane new 
symptoms i n  Amaurotic Family Id io c y ."  Our i n t e r e s t ,  
t h e r e f o r e ,  c e n tre s  round the  p e c u l ia r  phenomenon of the 
"cherry -red*  spot a t  the  macula l u t e a .  This i s  u s u a l ly  
s i t u a t e d  in  the  middle o f  a w h i t is h -g re y  oval p a tch  about 
tw ice th e  s ize  o f  th e  o p t ic  d i s c .  The long a x is  of th e  
oval i s  h o r iz o n ta l  and i t s  edges are  so f te n e d .  Waren-Tay
thought the  appearance was somewhat s im i la r  to  th a t  seen 
i n  embolism of the  c e n t r a l  a r t e r y  of th e  r e t i n a .  A few 
remarks as to  the  cause o f  the  ophthalm oscopic appearances 
w i l l  be made l a t e r  under th e  s e c t io n  d e a lin g  w ith  the  
patho logy  o f  the r e t i n a .  From the c l i n i c a l  s ta n d p o in t ,  
however, I  have n o tic e d  th a t  th e re  i s  a c e r t a in  amount of 
v a r i a t i o n  in  re g a rd  to  what I  might terra the  " s e t t in g "  of 
the  "ch e rry -re d "  s p o t .  By t h i s  I  mean t h a t  c e r t a in  
d e s c r ip t io n s  convey the  id e a  th a t  th e  zone round the  
"c h e rry -red "  spo t was v e ry  w h ite .  O ther ca ses  a re  
d esc r ib ed  as having a y e l lo w ish  r in g  round the sp o t ,  o th e rs  
a w h i t i s h -g re y .  As mentioned l a t e r  th e re  a re  p u b lish ed  
accounts of cases  of ju v e n i le  Tay S achs ' d ise ase  in  which 
one f in d s  d e s c r ip t io n s  of re d d ish  sp o ts  a t  the macula l u t e a  
i n  th e  cen tre  o f  a g re y ish -w h ite  a rea  (vide W olfsohn 's c a se ) ;  
r e d  spo t w ithou t any surrounding  white zone ( e .g .  Ich ik aw a’s 
c a s e ) ;  r e d d is h  spot enc losed  in  a pigmented p a r t  o f  d arker  
co lour  (one of  M u lb e rg e r 's  c a s e s ) .  These r a c u l a r  appear­
ances in  such ju v e n i le  cases  have re c e iv e d  scan ty  a t t e n t i o n .  
True th e re  are very  few ju v e n i le  cases  w ith  m acular red  
s p o ts ,  b u t a p a r t  from t h a t ,  th e y  would be d i s q u a l i f i e d  as 
not conforming e x a c t ly  to  the pathognomonic i n f a n t i l e  p i c t u r e .  
A p ignen t r in g  round the  red  spot in s t e a d  o f  a w hite r in g  
would seem  t o  be a s u f f i c i e n t  excuse f o r  d i s q u a l i f i c a t i o n .
I  am not competent to  d is c u s s  t h i s  f u l l y  but i t  would seem 
t h a t  th e re  i s  a p o s s i b i l i t y  th a t  the  appearances a t  the  
macula a re  not as s t a t io n a r y  as might be im agined. In  t h i s  
connection  th e  i n f a n t i l e  ease re p o r te d  by Dr. Mary Buchannan*
Sehumway & Buchannan, American J .  o f  M ed.See., N.S. CXXIX 
p . 35.
i s  i n s t r u c t i v e .  When f i r s t  se o n ^ it  I s  r e p o r te d  th a t  
"D ire c tly  i n  the  macular reg io n  of each eye th e re  was a
h o r i z o n ta l ly  o v a l ,  w hite a r e a , i n  the  cen tre  of which was
a sh a rp ly  def in ed  c h e rry - re d  sp o t.  The white a re a  
measured about two d i s c s '  d iam eter a c ro s s ,  and faded 
o f f  g ra d u a l ly  i n to  the surrounding  r e t i n a . . L a t e r  
exam inations made by Dr. Buchannan showed a g radua l
re d u c t io n  i n  the  s iz e  of the w hite  s p o t ,  which took
th e  shape o f  a v e r t l e a 3 in s te a d  of a h o r iz o n ta l  oval^and 
became g re y ish  in  c o lo u r ,  w hile the  red  spot assumed a 
brown h u e . The le s io n  did no t d isa p p ea r  e n t i r e l y . "
Child  d ied  aged 2 ^  y e a rs .
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I s  i t  not p o s s ib le  th a t  i f  such an i n f a n t i l e  case 
had l iv e d  lo n g e r ,  the m acular l e s io n s  might have d i s ­
appeared com pletely? By f a r  the g r e a t e r  number of 
i n f a n t i l e  eases die before  the  age of 2 y e a rs .  I f  we 
had more r e p o r t s  of cases  l iv in g  over 2 y e a rs  we might 
f in d  more v a r ie d  ophthalm oscopic r e p o r t s .  Be t h a t  as  
i t  may, Buchannan*s i n f a n t i l e  case shows t h a t  th e  m acular 
appearances may change from tim e to  tim e. S im i la r ly  i t  
i s  a t  l e a s t  a p o s s i b i l i t y  t h a t  a ju v e n i le  ease w ith  a 
•pigmented r in g  round the  red  spo t might a t  one time be 
d iscovered  to  have a w hite  r i n g .  W olfsohn 's ju v e n i le  
case showed a m acular b row nish-red  spo t in  a g rey ish -w h ite  
a rea  and no o th e r  abnormal r e t i n a l  changes, and must 
th e re fo re  have borne a v e ry  c lose  resemblance to  the 
i n f a n t i l e  ty p e .
Again, one could h a rd ly  expect the  p a th o lo g ic a l  
p ro cess  i n  Tay Sachs* d ise a se  to  m an ife s t  i t s e l f  in
ju v e n i le  oaeos In  e x a c t ly  th e  same way as i t  does in  an 
i n f a n t .  In  the ju v e n i le  cases  the  d ise a se  i s  slow and 
ch ro n ic ,  in  in f a n t i l e ^ s h a r p  and a c u te .  Might not such a 
v e ry  in te n s e  d egenera tive  p ro cess  as  one f in d s  i n  the  
i n f a n t i l e  form account f o r  th e  "cherry-red" spot? Might 
no t the  same d eg en era tiv e  p ro c e ss ,  v e ry  much m odified  in  
i n t e n s i t y ,  produce no " c h e r ry - re d ” spo t i n  the ju v e n ile  
oases? Below, Weber’s case i s  g iven  as  an example of an 
i n f a n t i l e  type w ithou t any "cherry red "  spot and i t  i s  
i n t e r e s t i n g  to  note t h a t  th e  fo llow ing  remark i s  made, v iz  : 
"The d ise ase  has been a very  CHRONIC o n e ."  Again, i n  the 
f i r s t  fam ily  d esc r ib ed  by H i g i e r , i t  i s  th e  fo u r th  and 
youngest c h i ld  who has the  r e d  spot a t  the maculae -  
th e  t h r e e  o ld e r  c h i ld re n  have no m acular changes.
The fo llo w in g  cases are g iven  as  connecting  l in k s  
between th e  i n f a n t i l e  and ju v e n i le  groups in  reg a rd  to  
th e  m acular changes.
(1) A case i s  r e p o r te d  of in fa n t i lo ,T a y jS a o h s V  d ise a se
w ith  no pathognomonic "c h e r ry - re d "  spot a t  th e  m acula.
P a rk e r  Weber has re p o r te d  the  case of a female c h i ld ,  
a Jew. The o n se t  o f  the  i n i t i a l  symptoms was a t  
3 months and th e  d ise a se  was a v e ry  chronic  one.
This case i s  th e re fo re  d e f i n i t e l y  " in f a n t i l e "  bo th  
i n  th e  m a t te r  of age inc idence  and r a c i a l  p r o c l i v i t y .  
The f a m i l i a l  element was a lso  p re se n t ,  as two o th e r  
members of the fam ily  appear to  have d ied  of the 
d is e a s e .  The c l i n i c a l  symptoms were su g g es tiv e
e . g .  I n a b i l i t y  to  s i t  up a t  14 months, m uscular 
weakness, " h e a d - lo l l in g " ,  apa thy , i n a b i l i t y  to  g rasp  
p ro p e r ly ,  v a r ia b le  amount of r i g i d i t y ,  nystagmus, 
b l in d n e s s  &o. The im portan t p o in t ,  however, i s  
t h a t  the  ophthalmoscopic exam ination  a t  14 months 
by D rs . Gruber and Markus re v e a le d  "No p a l l o r  of 
m acular reg io n  w ith  a " c h e r ry - re d  s p o t”. In  s p i t e  
of t h i s  Weber s t a t e s  t h a t  the  case was almost c e r t a in ly  
one o f  fam ily  am aurotic  id io c y .  There was a p o s s i b i l i t y  
o f  a s s o c ia te d  i n t e r n a l  hydrocepha lus . At 14 months 
th e  circum ference of th e  head was 18& in c h e s .*  I t  
may, however, be remarked t h a t  C oria t s p e c ia l ly  m entions 
hydrocephalus i n  h i s  a r t i c l e  "Some new symptoms in  
Amaurotic Family Id io c y " .
(2) There a re  r e p o r te d  oases of ju v e n i le  Tav S achs ' d ise a se  
w ith  red  sp o ts  a t  th e  m acula.
(1) walfao&Qj e  Qagg..
"In  the  re g io n  o f  each  macula th e re  was a 
g rey ish -w h ite  a re a  i n  which was seen a sm all 
b row nish-red  s p o t ."  B i l a t e r a l  o p t io  nerve 
a tro p h y . No o th e r  r e t i n a l  changes e lsew here .
(2) Mulberger *@_c&s@_ I .
There was a r e d d is h  p a r t  enc lo sed  i n  a 
pigmented p o r t io n  of d a rk e r  co lo u r .
H o lt ,  "D iseases of In fancy  & Childhood , 1917, p . 20,
f iv e s  the  average circum ference of head a t  18 months n a normal c h i ld  a s : -  male 1 8 |" ;  female 18".
(S) Ichikawa * g Case .
Dark red  spot and no w hite zone.
(4) Gordon’s Case* (Case 2 . "P e a r l  P ." )
There was an oval a re a  in c lu d in g  th e  fovea 
and of about th e  s iz e  of  the  p a p i l l a  mu,oh 
red d e r  th a n  the rem ainder of  f u n d u s .”
(5) P^_E. B a tten  (1903) Case "R.B."
"At each macula th e re  was a r e d d is h  b la ck  
spo t"  . . . . . t h e  re g io n  im m ediately  surrounding  
th e  dark spot v/as p a l e r  than  th e  r e s t  of the 
fundus and more a t ro p h ic  lo o k in g ."
(6) R. D. B a tte n  (1897)
In  bo th  eyes of Harry S . ,  "a t the  macula 
th e re  i s  a dark p ea r  shaped p a tc h  of a red  
co lour  d o tte d  over w ith  f in e  p o in ts  of r e t i n a l  
p igm en t.*
(7) M lgier ( th e  fam ily  d e sc r ib e d  in  Deutsche Se i t .
f .  N ervenheilk  XXXI p . 231, 4 th  c h i l d ) .  In  tlie 
youngest o r  f o u r th  c h i ld  th e re  was a f a i r l y  
la rg e  oval w hite spo t w ith  a r e d d is h  spo t In  
the ce n tre  in  th e  m acular r e g io n .
(8) R o g a ls k i ’s o a a e .
The b r ig h t  rod oval spo t a t  the macula was 
surrounded by a pigmented r in g .
(9) Kuffler’g oases.
The f i r s t  and t h i r d  c h i ld re n  had r e d d is h  
sp o ts  a t  the  m aculae .
( 3 )  T h o r e  a r e  f a m i l l e s j i n  w h i c h  s o i b g  m e m b e r s  h a d  m a g u X a r  
symptoms somewhat resem bling  the  i n f a n t i l e  type while 
o th e r  members o f  th e  fa m ily ,  having no red d ish  spo t,  
m ight be sa id  to  resemble the  ju v e n i le  ty p e .
(1) H i g i e r '8 2nd fam ily  ( th e  one described  in  Deutsche 
Z e i t .  f . N ervenheilk  XXXI p .  231).
The f i r s t  th re e  c h i ld re n  had no "red s p o ts " ,  
b u t  t h i s  was p re s e n t  in  the fo u r th !
The f i r s t  and t h i r d  c h i ld re n  had red d ish  spo ts  
a t  th e  m aculae, but not in  the o th e r  two members 
a l s o  a f f e c te d  w ith  the  d is e a s e .
C onclusions in  re g a rd  t o  th e  d is c u s s io n  on eve svmutoms.
1. In  th e  p u b lish e d  r e p o r t s  of i n f a n t i l e  and ju v e n ile  
Tay S achs ' d ise a se  i t  i s  p o s s ib le  to  f in d  connecting 
l i n k s  w i th  reg a rd  to  the eye symptoms.
2 .  Nystagmus and o p t io  nerve a trophy  a re  p re se n t  in  both  
ty p e s  o f  the d is e a s e .
3 .  The appearance of the p a le -c o lo u re d  zone and the
"c h e r r y - s p o t", in  i n f a n t i l e  cases  may change and so
come to  resemble more c lo s e ly  c e r t a in  ju v e n i le  ca ses .
4 . A pigmented in s te a d  of a white r in g  round the re d  spot 
should no t be emphasised as a s tro n g  d is q u a l i fy in g  
f a c t o r .
5 . The tendency has  been to  lay  s t r e s s  upon the  d i f fe re n c e s
r a t h e r  th a n  upon the resem blances of th e  eye symptoms
b u t the  same p a th o lo g ic a l  p ro cess  cannot be expected, to
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to  m a n ife s t  i t s e l f  oph tha lm oscopioally  in  infancy and 
ado lescence  in  e x a c t ly  the  same way. -  a l l  the  more so 
when in  one type the  deg en era tiv e  p ro cess  i s  very  acute 
and i n  th e  o th e r  v e ry  ch ron ic .
6 .  A t ru e  i n f a n t i l e  case i s  r e p o r te d  in  which th e re  was no
pathognomonic "c h e rry -re d "  spot a t  the macula lu te a .
7 . Seme ju v e n i le  eases  of Tay Sachs* have red  spo ts  a t  the
m aculae .
8 .  There are  some f a m i l ie s  w ith  ju v e n i le  Tay Sachs in  which 
th e re  i s  a m ixture o f  types  -  some members of the  fam ily  
having m a c u la r ,re d  sp o ts  while the o th e r  members a f fe c te d  
i n  the fam ily  had no such changes.
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POST-MORTEM REPORT ON CASE I .  ("D.H.")
A ^  ^  ««r ^  ^
The body was t h a t  of an extreme Jy em aciated boy* (aged 4 j ^ y r s .  ) 
THORAX :-
H eart : There was some d i l a t a t i o n  of the  r i g h t  v e n t r i c l e
but o therw ise the h e a r t  and per ica rd iu m  were normal.
(mpgA: Broncho-pneimonic p a tch es  were p re se n t  i n  bo th
the  lower lo b e s ,  in  th e  m iddle lo b e ,  and in  the lower 
p a r t  o f  the upper lobe of th e  r i g h t  lung . The o th e r  
p a r t s  were emphysematous.
Thvmus: Very sm all.
Thyroid : Looked normal i n  s i z e .
ABDOMEN;-
L iv e r  showed cloudy sw e l l in g .
Kidneys a l s o  showed cloudy sw e l l in g .
Su p ra re n a ls  looked normal.
Spleen  was normal in  s iz e  w ith  somewhat f u l l  pu lp  v e ry  
dark  i n  co lo u r .
I n te s t jn p g  and Stomach appeared to  be norm al. In  the  
m esentery  th e re  was a la rg e  s o f t  g land (abou t th e  s iz e  
of a w alnut) co n ta in in g  caseous m a t te r .  ^
TeatimlAs and co rd normal i n  s iz e  and s i t u a t i o n .
BRAIN
Membranes : There was marked s in u s  throm bosis  of the
lo n g i tu d in a l  and l a t e r a l  s in u s e s .  Both the  hem ispheres 
had a congested appearance and th e re  was a r e c e n t
haemorrhage ex tend ing  over the  r i g h t  f r o n ta l  lo b e .
C e r e b r u m On p a lp a t io n  r a t h e r  f irm  a re a s  were found in  
the  r i g h t  motor a r e a ,  above th e  S y lv ian  f i s s u r e ,  and a lso  
a t  the  t i p s  of bo th  o c c i p i t a l  lo b e s .  A f te r  making a 
s e c t io n  th rough  those a r e a s ,  no th ing  s p e c ia l  was found.
The grey  m a t te r  was u n u su a l ly  dark and i t  was t h i n  e s p e c ia l ly  
a t  the  e x t r e m i t i e s  of the o c c i p i t a l  lo b e s .
Cerebellum was very  sm all and markedly t h i n  on p a lp a t io n .  
P in e a l  g land  looked normal.
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POST-MORTEM REPORT ON CASE I I .  (P a tie n t
The exam ination  was conducted by D r. Hasw ell W ilson, 
P a th o lo g is t  to  the Royal S ick C h ild re n 's  H o sp ita l , and I  
am much Indeb ted  to  him fo r  the  fo llo w in g  r e p o r t .
The body i s  th a t  of a fem ale c h i ld ,  much em ac ia ted , a e t . 3 ^  y r s .  
THORAX
The thymus has p r a c t i c a l l y  d isap p ea red .
The p e r ic a r d ia l  sac i s  norm al, and the h e a r t ,  which weighs 
l i  o z . ,  i s  p a le  and f la b b y . No le s io n  can be found in  
i t s  v a lv e s  o r c a v i t i e s .  The h e a r t  m uscle i s  somewhat 
f a t t y .
A sm all amount of se rous f lu id  i s  found in  each p le u ra .
The lungs are much congested  and in  bo th  th e re  i s  
e x te n s iv e  broncho-pneumonic c o n s o lid a t io n , most marked 
a t  the  l e f t  b a se .
Pneumococci and m inute gram n eg a tiv e  b a c i l l i  o f in f lu e n z a l  
type are found in  the  sm a lle r  b ro n ch i, and pneumococci 
alone in  the co n so lid a te d  patches*
ABDOMEN
The peritoneum  i s  norm al. The l i v e r ,  w eight 12 o z s . ,  
shows some sm all a rea s  o f f a t t y  d e g e n e ra tio n , b u t i s  
o therw ise  n onnal. The sp le e n , J  oz. in  w eig h t, i s  
sm all and th e  pu lp  i s  somewhat s o f t .  The k idneys each  
w eight l \  ozs. Apart from s l ig h t  cloudy sw e llin g , they  
a re  h e a lth y  in  appearance. The su p ra ren a le  and p an creas  
show no ab n o rm a lity . No le s io n  found in  the stomach o r 
i n t e s t i n e s .
HEAD:-
The b ra in  w eighs 8 lbs*  6 ozs. , and i s  d i s t i n c t l y  
a tro p h ie d , the s u lo i  on th e  convex asp ec t being  wide 
and g ap ing , and th e  co n v o lu tio n s d i s t i n c t l y  w asted .
The b ra in  substance as  a whole i s  s o f t  and oedem atous, 
bu t a t  the  upper end of th e  R olandic a re a s , e s p e c ia l ly  
on th e  l e f t  s id e , th e  substance i s  d i s t i n c t l y  in d u ra te d . 
The d i s t i n c t io n  between the  w hite and grey  m a tte r  a t the  
c o r te x  i s  b lu r re d  in  many p la c e s ,  e s p e c ia l ly  in  the motor 
a re a s .  The r ig h t  l e n t i c u l a r  nuc3eus i s  sm all and i s  
encroached on by the  w hite m a tte r  o f the  in te r n a l  
c a p su le . Both o p tic  tha lam i show w h itis h  p a tch es  
su g g estiv e  of n e u ro g lia l  overgrow th.
The co n v o lu tio n s  of the cerebellum  are th in  and th e  
s u lc i  deep. I t  i s  much h a rd e r th an  normal and t h i s  i s  
a s s o c ia te d  w ith  a d e f in i t e  a tro p h y  of the whole su b stan ce . 
The p o s te r io r  m esia l f i s s u r e  i s  v e ry  wide and deep and th e  
cerebellum  i s  r e t r a c te d  from the  ro o f  o f  the  4 th  v e n t r i c l e .  
The co n v o lu tio n s  of the  a rb o r v i ta e  are w asted and se p a r­
a ted  by wide s u lc i .
The pons and m edulla are  d im inished in  s iz e ,  
a tro p h ie d  and tough and on s e c tio n  th e  m arkings are  
seen  to  be much d is to r te d  by w h itis h  t i s s u e ,  ap p a re n tly  
n e u ro g l ia l  overgrow th . The o l iv a ry  bod ies s ta n d  out 
p rom inen tly  from the  m edu lla .
The s p in a l  cord i s  v ery  a tte n u a te d  and i s  in c re a se d  
in  c o n s is te n c e , e s p e c ia l ly  in  the  c e rv ic a l  and lumbar 
en larg em en ts . On s e c tio n  i t  i s  seen  to  be i r r e g u la r ly
congested  and th e  g rey  m a tte r  i s  v e ry  i l l  d efin ed  from 
th e  w hite m a tte r  th roughou t i t s  whole co u rse .
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POST-MORTEM REPORT ON CASE I I I  (P a t ie n t  "A.H.")
The exam ination  was conducted by Dr* Haswell W ilson.
"The c h i ld 's  body i s  f a i r l y  w e ll-n o u rish e d  bu t v ery  anaemic 
in  appearance* (age 8 ^  y e a r s ) .
Double bronchopneumonia i s  p re se n t w ith  s c a t te r e d  a re a s  o f 
c o n s o lid a tio n  o cc u rr in g  th roughou t each  lu n g . The b ronch i 
co n ta in  abundant m uco-pus. No d ise ase  found in  any o f th e
o th e r  o rg an s.
HEAD.
No ex cess  o f  c e re b ro -s p in a l f lu id  i s  p re s e n t and no 
ab n o rm ality  i s  seen in  the  membranes. The substance 
of the  b ra in  i s  ex trem ely  dense and the co n v o lu tio n s 
a re  somewhat a tro p h ie d  so th a t  th e  s u l c i  are  wide and 
gaping . T his c o n d itio n  i s  s p e c ia l ly  marked in  th e  
p o s te r io r  p a r t  o f  the l e f t  o c c ip i t a l  lo b e .
The cerebellum  i s  m arkedly d im in ished  in  s iz e  and the 
a rb o r v i ta e  i s  much shrunken and the  b ran ch in g s  w idely  
se p a ra te d  from one a n o th e r . The m edu lla  i s  a ls o  
sm a lle r  th an  norm al. No g ro ss  le s io n  i s  ev id en t in  
the  substance o f the  b ra in  o th e r  th a n  the in c re a s e  in  
c o n s is te n c e . The o p tic  n erv es a re  v e ry  t h in  and h a rd ."
SuTRTnary of Post-M ortem R ep o rts .
An account h as  been g iven  o f th re e  a u to p s ie s  which 
were conducted 27 to  32 hours a f t e r  d e a th .
The ages of th e  c h i ld re n , a l l  members o f one fam ily , 
were r e s p e c t iv e ly  4 ^ ,  3 ^ ,  and 2 ^  y e a rs  a t  d e a th .
The e ld e s t  was a m ale; th e  o th e rs  fem a les . E m aciation  
was p re s e n t to  an extrem e degree in  th e  f i r s t  (o r  e ld e s t )  
c h i ld ,  to  a le s s  e x te n t in  the second, w hile th e  body o f 
th e  t h i r d ,  o r  y o u n g est, was w e ll n o u rish ed .
THORAX:-
In  each case the  lungs were congested , and showed 
e x te n s iv e  s c a t te r e d  a re a s  of broncho-pneum onic c o n so lid ­
a t io n . The o th e r  c o n te n ts  o f th e  th o ra c ic  c a v ity  may 
be co n sid ered  n e g a tiv e .
ABDOMEN
W ith the  ex cep tio n  of some cloudy sw e llin g  and sm all 
a re a s  o f f a t t y  d eg e n e ra tio n  i n  some o rg an s, a ls o  a walnut- 
s iz e d  m e se n te ric  g land  in  Case I . ,  n o th in g  abnorm al was 
found in  t h i s  abdom inal c a v ity .
HEAD:-
(a) Membranes, S in u se s> and V e s s e ls : -  S inus th rom bosis 
and a re c e n t s u p e r f ic i a l  haem orrhage was observed in  
Case I ,  o th erw ise  n o th in g  abnormal was d e te c te d .
(b) C ereb ro -S p lnal F lu id  : - No excess o f f lu id  p r e s e n t .
(e ) Cerebrum :-  In  each case the co n v o lu tio n a l p a t te rn  
showed no ab n o rm ality  w ith  re g a rd  to  i t s  com plexity  and 
arrangem ent. The g y r i ,  however, i n  Cases I I  and I I I  
were shrunken and w asted , w hile  th e  in te rv e n in g  s u lc i  
were co rre sp o n d in g ly  wide and gap ing . P a lp a tio n  o f 
th e  c o r te x  re v e a le d  firm  in d u ra te d  p o r tio n s  a t  the 
R olandic a r e a s ,  and o c c ip i t a l  p o le s . Gross h o r iz o n ta l  
s e c tio n s  o f th e  co rte x  re v e a le d  no th ing  o f im portance 
except u n u su a lly  dark  and th in  g rey  m a tte r  a t  th e  
o c c ip i ta l  p o le s  in  Case I ,  and some b lu r r in g  of the 
grey  and w hite  ju n c tio n  l in e  a t  th e  m otor a rea s  in  
Case I I .  / /
(d ) B asa l N u c l e i R ight l e n t i c u l a r  nucleus ( in  Case 
I I )  was sm all and encroached upon by the  w hite m a tte r  
o f the  i n t e r n a l  c a p su le , w hile th e  o p tic  tha lam i 
showed some w h itis h  s t r e a k s .  O therw ise , exam ination 
was n e g a t iv e .
(e) C erebellum :-  A v e ry  d e f in i t e  a trophy  o f  the  
whole substance  of t h i s  p a r t  of th e  b ra in  was 
ap p aren t in  each  ca se . The lam inae were th in
and w asted , th e  s u lc i  deep, and in  some p la c e s  w ide, 
w hile  th e  b ran ch in g s o f the  a rb o r  v i ta e  were shrunken 
and w id e ly  se p a ra te d  from one an o th e r . / / >
( f )  The Pons. M edulla. S o in a l Cord and O ptic  Nerves 
were d im in ished  in  s iz e .
D isc u ss io n .
I .  Summary o f P.M. f in d in g s  in  th e  I n f a n t i l e  Type 
o f Tay S a c h s ' d is e a s e •
I I .  Summary o f P.M. f in d in g s  in  Ju v e n ile  Type o f  Tay 
S achs ' d is e a s e .
III.C om parison  o f th e  p re se n t oases w ith  the  above.
I .  Summary of P.M. f in d in g s  in  I n f a n t i l e  Tvoe o f 
Tay S ach s ' D ise a se .
The number o f  c l i n i c a l  accoun ts of t h i s  d isea se  i s  
numerous as compared w ith  th e  p u b lish ed  d e s c r ip t io n s  of 
a u to p s ie s . T his i s  no doubt due to  the d i f f i c u l t y  in  
o b ta in in g  p e rm iss io n  fo r  a necropsy  from th e  Jew ish race  
N e v e r th e le s s , from th e  accoun ts  of Sachs, Kingdon and 
R is ie n  R u sse l, M ott, Poynton, P arsons and Holmes,
S p i l l e r  and o th e r s ,  a d e f in i t e  p a th o lo g ic a l  p ic tu re  
mEQT be o b ta in e d . The fo llo w in g  i s  R is ien  R u s s e l 's  
resume in  A llb u tt  and R o l le s to n 's  System of M edicine 
"The c e re b ra l  and s p in a l  m eninges are u su a lly  
f r e e  from any abnormal ap p earan ces, though in  
S ach s ' f i r s t  case a few s l i g h t  adhesions o f 
the form er were n o te d . The co n v o lu tio n s  and 
s u lc i  o f  th e  b r a in  are  norm ally  a rran g ed : bu t
i n  th e  case j u s t  r e f e r r e d  to ,  th e re  was some 
abnormal f i s s u r a t i o n  which was reg ard ed  as 
in d ic a t iv e  o f a b ra in  o f low developm ent.
The s u lc i  were wide in  some e a se s , p o in tin g  
to  a c e r ta in  amount o f a tro p h y  of th e  
co n v o lu tio n s : b u t t h i s  a trophy  v a r ie s  in
d i f f e r e n t  c a se s . The b ra in  h as sometimes been 
unduly  firm  to  the  to u c h , e s p e c ia l ly  in  the 
f r o n ta l  re g io n . The v e n t r i c le s  a re  normal 
and do no t c o n ta in  any ex cess  of c e re b ro -s p in a l 
f l u i d :  though th e re  may be seme com pensatory
oedema of th e  m eninges."
I  f in d  th a t  n e a r ly  a l l  the r e p o r ts  agree in  most o f  the 
e s s e n t i a l  d e t a i l s  as d e sc rib ed  above, and th a t  th ey  
serve to  confirm  one a n o th e r . Three o b se rv a tio n s  may 
be made f o r  l a t e r  comparison
(1) There are  no g ro ss  abnormal m acroscopic appearances 
in  th e  b r a in .  Such i r r e g u l a r i t i e s  as a confluence o f 
the  R olandic and S y lv ian  f i s s u r e s ,  a gaping o f th e  
o p e rcu la  to  show the  I s la n d  o f R e il  (which led  Sachs a t  
f i r s t  to  d e sc r ib e  th e  c o n d itio n  as  an "agenesis  c o r t i c a l i s "  
o r a r r e s te d  c o r t i c a l  developm ent) may be ta k en  as e x c e p tio n -  
a l  o cc u rren c es . Sachs now a t ta c h e s  v ery  l i t t l e  im portance 
to  such appearances. I t  i s  im p o rtan t to  r e a l i s e  t h a t  the 
naked eye p ic tu r e  i s  more o r le s s  n e g a tiv e . Does not
t h i s  term  "Id io cy "  in  th e  name "Amaurotic Fam ily Id iocy"
(a synonym f o r  the  I n f a n t i l e  type o f Tay S ach s ' d ise a se )  
suggest v a r io u s  Sim ian appearances? As Mott has su g g ested , 
th e  d ise a se  should  be term ed am auro tic  dem entia r a th e r  th an  
am auro tic  id io c y ^
(2) Although th e re  a re  no g ro ss  naked eye changes, many 
r e p o r ts  d e sc rib e  a s l i g h t  a tro p h y  o f th e  c e re b ra l  convo l­
u t io n s .
* (Vide S achs ' a r t i c l e  in  O s ie r  & M cCrae's "System of 
M edicine” )
^  Mott P ro c . Royal S o c ie ty  o f M edicine. Mar. 1911. V ol. IV 
P a th o lo g ic a l S e c t. p . 173.
(3 ) I  have been muoh s tru c k  by the f a c t  th a t  p o r tio n s  o f 
th e  b r a in  su b stan ce  are  f re q u e n tly  d esc rib ed  as having an 
in c re a se d  c o n s is te n c y  -  e .g .  Poynton Parsons & Holmes 
d e sc r ib e  th e  b ra in  i n  t h e i r  1 s t case as "u n n a tu ra lly
f irm , and of the  co n s is te n ce  o f gu t t a  p e rc h a  . . .a n d
i t  o f fe re d  r e s is ta n c e  to  th e  k n ife  in  c u tt in g  i t . "
Again Mott s t a t e s  "The substance o f the  b ra in  in  the 
f r o n t a l ,  c e n t r a l  and tem poral re g io n s  i s  much f irm e r in  
co n s is te n ce  th an  n a t u r a l . . . . . . . .and f e e l s  l ik e  le a th e r
o r  in d ia  ru b b er covering  a s o f t e r  substance w ith in ."
(4) A tte n tio n  has g e n e ra lly  been focussed  upon the 
cerebrum , and as many r e p o r ts  do no t make d e f in i t e  
s ta tem en ts  about th e  cerebellum  a t a l l ,  one may j u s t i ­
f i a b ly  assume th a t  m a c ro sc o p ic a lly  i t  was p r a c t i c a l ly  
norm al.
Prom the above d ig e s t  a com parison of the  post-m ortem  
f in d in g s  in  th e  eases  d e sc r ib e d  in  t h i s  th e s i s  w ith  th o se  
found i n  the  i n f a n t i l e  type of Tay-Sachs ’ d is e a s e ,  i t  may 
be s t a t e d :-
A. The agreem ent l i e s  in  the p o sse ss io n  o f appearances 
s im ila r  to  those  d e sc rib ed  under head ings ( 1 ) ,  ( 2 ) ,  
and (3 ) .
B. The d if fe re n c e  l i e s  in  th e  non-com pliance w ith  
o b se rv a tio n  (4) a s  d esc rib ed  a t  g r e a te r  le n g th  l a t e r .
II. Summary o f  P.M. g in d in g s  i n  th e  Ju v e n lla
Disease.
The p a th o lo g ic a l  anatomy in  ju v e n ile  cases of Tay Sachs” 
d ise a se  has been s tu d ie d  by Batten, Be hr, Bielschowsky,, 
B rooks, R ogaJsk i, S p ie lm eyer, S p i l l e r ,  Vogt, and Volfs ohm#. 
Prom an exam ination  of th e se  r e p o r t s ,  it  is evident t h a t  
th e  m acroscopic appearances found in juvenile eases d i f f e r  
in  no fundam ental re sp e o t from th o se  found in infantile 
o ases . A se p a ra te  d e s c r ip t io n , i s ,  therefore, un»acess&ry
I I I»  Comparison of the  post-m ortem  appearances of th  
ea ses  w ith  th e in fa  t i le  an d _ju y e n ile _ ty p e s .
The p a r a l le l i s m  o f th e  post-m ortem  f in d in g s  of the  present 
cases with th e  i n f a n t i l e  and ju v e n i l e  oases is  s e l f - e v i d e n t ,  
w ith  one e x c e p tio n , -  the  oerebe31ura. In  the present ease# 
the cerebellum  was u n u su a lly  sm all : In  the  Infantile and
ju v e n ile  ty p e s , t h i s  i s  not th e  case. Can this d if fe re n c e  
be re c o n c ile d ?  Having made an extensive search through 
th e  l i t e r a t u r e  upon t h i s  s u b je c t ,  I  have found one 
i n f a n t i l e  and one ju v e n ile  case r e p o r t e d ,  i n  which i t  
is  d e f in i t e ly  s t a t e d  th a t  th e  cerebellum was unusually 
small, v iz :-
M(1) I n f a n t i l e  case d e sc rib ed  by Gordon Holmes,
The cerebellar fo lia  "wore very slender and wasted, 
as much so indeed as I  have over soon in either 
primary or secondary atrophy of this organ*"
% Proc. Roy. Soc, Med. March 1911, Vol, IV. Path.Bcot, 
p . 199
Holmes rem arks th a t  from the c e l l u l a r  changes in  the  
b ra in  he was in c l in e d  a t  once to  re g a rd  the  case as 
an example o f am auro tic  fam ily  id io c y , b u t th a t  
c e r t a in  fe a tu re s»  (among them th e  co n s id e ra b le  a trophy  
of th e  c o r te x  o f th e  cerebellum ) made him h e s i ta te  to  
do so , "The f a c t ,  how ever, th a t  a l a t e r  member of 
th e  fam ily  p re se n te d  th e  c h a r a c te r i s t i c  c l i n i c a l  
f e a tu r e s  and o c u la r  changes, and th a t  the same 
c e l l u l a r  a f f e c t io n  which i s  pathognomonic of am auro tic 
fam ily  id io c y  was found th roughou t th e  nervous system 
by D rs. Mott and C a r ly l l  makes i t  im p era tiv e  to  in c lu d e
t h i s  case in  th e  d is e a s e ."
(2) Ju v e n ile  case d esc rib e d  by B ieIschow sky in  a r t i c l e  
e n t i t l e d  "Uber s p a t - i n f a n t i l e  f a m il ia re  am aurotische 
I d io t i e  m it K leinhirnsym ptom en".^
From th e  p o in t  o f view o f s im i la r i t y  w ith  my c a se s , 
B ielsehow sky '8  r e p o r t  i s  i l lu m in a t in g ,  as he s t a t e s  
d e f in i t e ly  th a t  th e  cerebellum  was ex trem ely  sm a ll, 
no t o n ly  in  i t s  a b so lu te  w eight bu t a ls o  in  i t s  
r e l a t i v e  w e ig h t, i . e .  to  the  cerebrum .
I  may here  s ta te  th a t  in  my cases  th e  r e l a t i v e  w eight
o f the  ce reb e llu m . Pons and M edulla combined, to  th e  
w eight o f  th e  cerebrum was about 1 to  13. A natom ical 
works u s u a l ly  s t a t e  th a t  (ex cep t in  young in f a n ts )  
th e  normal index should  be 1 to  8 . In  the " c o n tro l"  
ca se , a norm al index  was o b ta in e d .
* In  D eutsche Z e its c h . f . N ervenheilk  1913 1 .7
The accompanying pho tographs which I  have tak en  i l l u s t r a t e  
the  post-m ortem  changes d esc rib ed  above.
C onclusions
The post-m ortem  appearances found in  the p re se n t eases 
c lo s e ly  resem ble th o se  found in  i n f a n t i l e  and ju v e n ile  
T ay-Sachs' d is e a s e .  The resem blances a re  fundam ental, 
th e  d i f f e re n c e s  in c id e n ta l .
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. - PATHOLOGICAL EMMINATION.
I . Maoro8QOT)iQaI ex am in a tio n »
The grose  m acroscopioal appearances have a l re a d y  been 
d e a l t  w ith  under th e  s e c t io n  d e a lin g  w ith  the a u to p s ie s .
I t  only  remains to  be s a id  th a t  du ring  the  p ro c e s s  o f  
c u t t in g  up the b ra in  fo r  d e t a i l e d  h i s t o l o g i c a l  exam ination 
no f u r t h e r  a b n o rm a l i t ie s ,  o th e r  th an  those  a l re a d y  m entioned, 
were found. I t  may be rem arked, however, th a t  one could 
almost guess the p o s i t io n  of the R olandic a rea  by the " fe e l"  
o f  the k n ife  as i t  out th rough  t h i s  p o r t io n  o f  the brain*
I t  w i l l  be remembered th a t  the  motor and o c c i p i t a l  a re a s  
were f i rm e r  to  the touch  than  the  r e s t  of the b r a in :  con­
f i rm a t io n  o f  t h i s  was o b ta ined  by the k n ife  m eeting w ith  
s l i g h t l y  more r e s i s ta n c e  t h e r e . Nowchere, however, d id  I  
g e t a c tu a l  "g ra t in g "  w ith  the k n ife  as i s  mentioned by Sachs. 
With reg a rd  to  th e  s inus  throm bosis  and s u p e r f i c i a l  haemorr­
hage i n  Case I ,  th e re  i s  l i t t l e  to  r e l a t e .  I t  was a p p a re n t ly
o f  no im p o r t . I t  i s  a cu r io u s  co in c id en ce , however, t h a t
Mott* d e s c r ib e s  an alm ost i d e n t i c a l  haemorrhage in  one o f  
h i s  cases o f  i n f a n t i l e  Tay Sachs.
I I .  Method o f  F ix a t io n .
A f te r  removal from th e  calvarium  th e  b ra in s  were p la c ed  
in  lA ille r*s  F lu id .  Two of th e  b r a in s  remained i n  t h i s  
f l u i d  f o r  about 80 months, the  t h i r d  f o r  about 7 m onths, 
b e fo re  any h i s t o l o g i c a l  exam ination was made. I t  i s
^M ott. A rchives of Neurology, 1907. I l l ,  p*237.
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perhaps  u n fo r tu n a te  t h a t  some o th e r  methods of f i x a t i o n  
were n o t a l s o  a t te m p ted .  The s p in a l  cords re c e iv e d  the  
same t r e a tm e n t .
I l l . Embedding Methods employed.
A fte r  the  harden ing  in  î iû î3 o r 's  f l u i d ,  small p o r t io n s  
of b r a in  t i s s u e  and ^ i n a l  cord were embedded in  o e l lo id in  
in  th e  u su a l  way. Since ab so lu te  a lco h o l s o f te n s  
o e l lo id in ,  i t  had to  be avoided and d eh y d ra tio n  com­
p le te d  w ith  phenol x y lo l .  When s ta in in g  f o r  N i s e i ' s  
g r a n u le s ,  i t  was found t lm t the c a rb o l ic  a c id  i n t e r f e r e d  
w ith  the b a s ic  a n i l in e  dyes. The on ly  a l t e r n a t i v e  t h e r e ­
fo re  was to  remove the  o e l lo id in  o r  make some p a r a f f in  
s e c t io n s .  Both were done. G en e ra lly  speaking w ith  
b i l a t e r a l  s t r u c t u r e s  one p a r t  was embedded i n  o e l lo id in ,  
th e  o th e r  in  p a r a f f i n .  Numerous a r t e f a c t s ,  however, 
were found in  the  p a r a f f i n  cut s e c t io n s  a l though  
chloroform  was used  in  th e  p re l im in a ry  p r e p a r a t io n  
in s t e a d  of Xylol and the  work was r e p e a te d  s e v e ra l  
tim es w ith  sc rupu lous  c a re .
IV . g ra in in g  Methods _ühn)loyed._
The fo llo w in g  s t a i n s  were u s e d : -
(1) Gener a l  S t a ln ^ :-
(a) Haemalum and E o s in .
(b) H a r r i s ’s Haematoxylin and E o s in .
(c)  Van G ieson 'g  s t a i n .
(2) S ta in s  f o r  th e  Eve3in - s h e a th e .
(a) For e a r ly  d e g e n e ra t io n . ( 1» D onaggio 's  Methods.
(2 .  M a rc h i 's  method.
(b) For l a te  d e g e n e ra t io n .  (V /eigert-Pal method*
(S) St.ainfl-for_Ne rv:e_dell s  and t h e i r  p r o c e s s e s .
(a) Toluiclin B lue. )
)
(b) Thionin  B lue. ) N is s l  g ra n u le s .
)
( c) Methylene B lue. )
(d) W illiam so n 's  m o d if ic a t io n  of B ielschow sky*s method.
(4) S ta in  fo r  N eurog lia .
W e ig e r t 's  m o d if ic a t io n  of  van Gieson w ith  I ro n  
Haematoxylin.
V. Summary o f  the H isto lo g i c a l  Changes found i n  the nervous 
System‘
The h i s t o l o g i c a l  changes may be b e s t  a p u re o ia te d  
by a p e ru sa l  o f  the numerous photom icrographs w ith  t h e i r  
accompanying d e s c r ip t iv e  n o te s .  Only a few rem arks, 
th e r e f o r e ,  w i l l  be re q u ire d  h e r e .  The th re e  b r a in s  
and s p in a l  cords were examined. The changes found in  
each were v ery  s im i la r  and served to  s u b s t a n t i a t e  each  
o th e r .  Any d e s c r ip t io n  a p p l ie d  to  Case I  a p p l ie s  
e q u a l ly  w ell to  Cases I I  and I I I .  P o r t io n s  o f  b ra in s  
from c h i ld re n  dying from o th e r  d is e a s e s  were examined 
from time to  time in  o rd e r  to  c o n t ro l  o n e 's  p a th o lo g ic a l  
te ch n iq u e . This had a l s o  a s a lu ta r y  e f f e c t  i n  c rush ing  
any unconscious p reconceived  id e a s ,  s h a t t e r in g  i l l -
I oh-.
founded i n t e r p r e t a t i o n s  o f  m ic ro seo p io a l appearancee, 
and led  to  the exposure o f  numerous a r t e f a c t s .  The 
c o n tro l  case which f ig u r e s  in  some o f  the photographs 
was o b ta ined  from a female c h i ld  of e x a c t ly  th e  same 
age as  Case I I .  She had su f fe re d  from abdominal 
tu b e rc u lo s i s  and had no symptoms p o in t in g  to  c e re b ra l  
d is e a s e .  To make th e  comparison as t ru s tw o r th y  as 
p o s s ib le  the b ra in  from th e  c o n tro l  case was a lso  f ix e d  
in  M u l le r 's  f l u i d ,  and during  the  whole re se a rc h ^ re c e iv e d  
e x a c t ly  the same tre a tm e n t as the cases under i n v e s t i ­
g a t io n .
I t  may be remarked a t  the  o u ts e t  t h a t  the pa tho­
lo g i c a l  h i s t o l o g i c a l  r e s u l t s  o b ta in ed  are  c h a ra c te r i s e d  
by two featoLres.
(1) A v a ry in g  degree of d eg en era tio n  o f  the
pyram idal c e l l s  in  the c o r te x  c e r e b r i ,
P u rk in jc  c e l l s  i n  th e  cerebellum , and 
la rg e  angu la r  c e l l s  i n  th e  s p in a l  cord .
(2) A d eg en era tio n  of the motor t r a c t s  i n  the  b r a in
and s p in a l  cord.
Examination o f  the  membranes of th e  b ra in  and s p in a l  
cord and o f  th e  blood v e s s e l s  re v e a le d  n o th in g  which 
could be deemed abnormal.
No appearances su g g es tiv e  of  inflam m atory r e a c t io n
were found.
In  a la rg e  s e r i e s  of s e c t io n s ,  s ta in e d  by the  
Donaggio and Marchi methods f o r  e a r ly  d eg e n e ra tio n
of th e  m edu lla ry  shea ths  noth ing  abnormal could be found. 
This s ta tem en t a p p l ie s  to  B ra in ,  S p ina l Cord, and Nerves.
Cerebrum*
G en era lly  speak ing , a t t e n t i o n  was c h ie f ly  focussed  
upon s e c t io n s  from th e  fo llo w in g  r e g io n s : -
1 . Motor a re a  (ascend ing  f r o n t a l  convo lu tion )
2 . Sensory a re a  (ascend ing  p a r i e t a l  convo lu tion )
3 . Mid f r o n t a l  co n v o lu tio n .
4 . V isua l a r e a s .
Angular gyrus.
Cuneate lo b u le .
O c c ip i ta l  p o le s .
5. A uditory  a re a  ( s u p e r io r  tem poral convolu tion)
In  a l l  these  a r e a s ,  c o l l s  in  v a r io u s  s ta g e s  of 
d eg en era tio n  could be found. In  some the u su a l  concave 
m argins of the pyram idal c e l l s  were convex. O ther c e l l s  
were g lo b u la r  o r  i r r e g u l a r l y  quadra te  in  shape. The body 
of the c e l l  s ta in e d  r a t h e r  f a i n t l y  w ith  eosin* Sometimes 
the s t a i n  d id  not appear to  " b i te "  a t  a l l  and i t  was w ith  
d i f f i c u l t y  t h a t  th e  shape o f  the c e l l  could be d is t in g u is h e d  
A g ra n u la r  mass was f re q u e n t ly  the so le  in d ic a t io n  o f  th e  
p o s i t io n  o f  a c e l l .  No n u c l e i  were observed in  some 
c e l l s  while i n  o th e r s  the nuc leus  was e c c e n t r i c a l l y  
p laced . Basic  dyes should n o t s t a in  normal n u c leo ­
plasm bu t t h i s  abnormal s ta in in g  could be d e te c te d  in  
some degenera ted  n u c l e i .  Sometimes no n u c le o lu s  could 
be d is t in g u is h e d .  The r e s u l t s  o b ta in ed  w ith  s t a i n s  f o r
th e  d e te c t io n  of N is s l* s  g ran u le s  rev e a le d  none o r  a t  
l e a s t  v e ry  few. With B ielschow sky*s s i l v e r  im pregnation  
method^no good specimens w ith  n e u r o f i b r i l s  coursing  through 
th e  c e l l s  could be o b ta in ed .
As a c o n t ro l  s ta tem ent to  the  above h i s t o lo g ic a l  
f i n d in g s ^ i t  must be mentioned th a t  th e  r e s u l t s  a re  not 
t ru s tw o r th y .  S evera l v e ry  j u s t  c r i t i c i s m s  can be made. 
P r a c t i c a l l y  every t e x t  book on m ic ro sco p ic a l  methods 
m entions the  f a c t  th a t  potassium  b ichrom ate , as in  M u l le r 's  
f l u i d ,  should not be used f o r  th e  s tudy  of nerve c e l l s .  
M allory and W rig h t’s tex tbook  s t a t e s  (p . 121) th a t  as i t  
p e n e t r a te s  and hardens so slow ly i t  does no t p re se rv e  the  
gang lion  c e l l s  and n eu ro g l ia  f i b r e s  p ro p e r ly ,  while B e l le s  
Lee ( p . 376) s t a t e s  th a t  "according  to  the unanimous 
judgment o f  a l l  i n v e s t i g a t o r s ,  th e  bichrom ate of p o ta sh  
should not be employed fo r  the e v to lo g ie a l  s tudy  of nerve- 
c e l l s . "  Hence my r e s u l t s  reg a rd in g  c e l l  changes ( in  
co n tra  d i s t in c t io n ,  to  a x i s - c y l in d e r  and myelin sh ea th  
changes) are open to  v e ry  s e r io u s  o b je c t io n .  In  c a r ry in g  
out the Bielsehowsky s ta in in g  to o ,  g re a t  t ro u b le  was 
caused by the  i n t e r a c t i o n  of the s i l v e r  b a th  and the 
b ich rom ate , whereby numerous p r e c i p i t a t e #  were produced 
i n  the t i s s u e s .  The g ra n u la r  appearance produced w i l l  
be observed in  some of the pho to -m icrographs . Another 
p o te n t  o b je c t io n  i s  th e  f a c t  t h a t  27-32 hours e la p se d  
b e fo re  the  a u to p s ie s  were performed and so many o f  the 
c e l l  changes, such as  th e  d isappearance  of N i s s l ' s  
g ra n u le s  may be due to  post-mortem changes. With the  
c o n t ro l  ease which was a l s o  f ix e d  in  M u lle r ’s F lu id  the
I -  /
o y to lo g lo a l  ohungoe wcro In tcn ao .
S u b o o r t loal white m a tte r .
In th e  Rolandlo a re a  the  e u b o o r t lo a l  white m a tte r  
wae not e ta ln e d  so In te n s e ly  w ith  the Weigert P a l  method 
as the  white m a tte r  in  the  o th e r  co nvo lu tions^ thus  p roving  
the  p resence of some d e g e n e ra t io n , Some of th e  r a d i a l  
f i b r e s  were v a r ic o se  and a t te n u a te d .  There was a s l i g h t  
s c a r c i ty  o f  t a n g e n t i a l  f i b r e s .  The white m a t te r  a t  the 
o c c ip i t a l  p o le s  s ta in e d  w ell  w ith  W eigert Pal as  d id  a ls o  
th e  w hite l i n e  of Gennari i n  the  co r tex  i n  the neighbour­
hood o f  the  c a lc a r in e  f i s s u r e .
B asal Ga&lla.
In  the  o p t ic  tha lam us, caudate nucleus and l e n t i c u l a r  
n u c leu s ,  c e l l  changes were seen  s im i la r  to  those a lre a d y  
d esc r ib ed  as o ccu rr in g  i n  the  co r tex  c e r e b r i .  In  
h o r iz o n ta l  s e c t io n s  of the  i n t e r n a l  cap su le , th e re  was 
a d e f in i t e  p a le n e s s  i n  co lour  even to  the naked e y e , ^hen 
Weigert Pal s e c t io n s  of t h i s  p a r t  were compared w ith  the 
co lour  t i n t  o f  s e c t io n s  o f  the w hite m a tte r  of the  centrum 
o v a le .  The f i b r e s  s ta in e d  a d i r t y  brown co lour in s te a d  o f  
a deep b lu is h  b lack . Some e s p e c i a l ly  i n  the p o s t e r i o r  limb 
o f  th e  i n t e r n a l  capsule were almost c o lo u r le s s  aW  appeared  
to  be t h i n  and v a r ic o s e .  There was not such a d e f in i t e  
l o s s  o f  co lour here as i n  th e  re g io n  of the  pyram idal 
t r a c t s  in  the s p in a l  cord.
M id-Braln^
S ec tio n s  a t  the le v e l  of the  s u p e r io r  and i n f e r i o r
corpora quadrigemina were made. The c m s t a l  o r  v e n t r a l  
p a r t  appeared to  be shrunken and did no t seem to  be la rg e  
enough r e l a t i v e l y  to  i t s  tegm ental o r  d o r s a l  p a r t .  
D egenera tion  was dem onstrated  by th e  Weigert P a l  method 
in  the middle t h i r d  o r  pyram idal p a r t  o f  th e  c r u s t a ,  but 
t h i s  was a lso  noted i n  th e  two l a t e r a l  t h i r d s ,  i . e .  
c o r t ic o  p o n tin e ,  and g e n ic u la te  p o r t io n ^ !  The f i b r e s  
a t  the  d e c u ssa t io n  o f  the s u p e r io r  c e r e b e l l a r  peduncles 
s ta in e d  w ell as d id  a l s o  the lo n g i tu d in a l  t r a c t s  forming 
the  p o s t e r i o r  lo n g i tu d in a l  bund le , th e  m esia l and l a t e r a l  
f i l l e t s .  The f a s l c l e s  of the  t h i r d  nerve s ta in e d  w e ll  
and were very  prominent as they  coursed through the 
red  n u c le i .  The c e l l s  i n  th e  g rey  m a t te r  of corpora 
quadrigemina and o th e r  p a r t s  of the  mid b ra in  showed 
evidence of  degenera tive  p ro ce sse s  i n  t h e i r  protoplasm  
and n u c le i .
Cerebellum .
Marked a trophy  of th e  f o l i a  was apparen t even w ith  
the  naked eye. Specimens from c o n t ro l  eases when mixed 
w ith  those from the p a t i e n t s  under d is c u s s io n  could 
e a s i l y  be sep ara ted  w ithout the a id  of a le n s  sim ply 
by ta k in g  cognisance of the  s ize  of th e  f o l i a .  They 
were v e ry  th in  as compared w ith  the  normals and moreover 
s ta in e d  l e s s  deeply  w ith  o rd in a ry  dyes. The o u ts ta n d in g  
m icroscop ic  f e a tu re  was the  sm all number o f  P u rk ln je  
c e l l s  -  I n  f a c t  I t  was a com para tive ly  easy  m a t te r  
f in d in g  some laminae w ith  no E urk ln je  c e l l s  a t  a l l ;
The same could no t be sa id  o f  the  c o n t ro ls  -  In  them the
Purklnje^ c e l l s  were numerons even in  those  p o r t io n s  of 
cerebellum  s u f fe r in g  most s e v e re ly  from p o s t mortem 
changes. (One cerebellum  -  th e  one f ig u re d  in  the  
photographs -  was not removed t i l l  30 hours  a f t e r  dea th  
and was a lso  allow ed to  l i e  f o r  tv/o hours  sim ply wrapped 
up in  p ap e r .  I t  was a l s o  f ix e d  in  M u l le r 's  F lu id  to  
pu t th e  comparison o f  r e s u l t s  on an equa l f o o t in g . )  
V/hether there  was a r e a l  d e f ic ie n c y  i n  th e  numbers of  
th e  Purkinje^ c e l l s  o r  n o t .  I t  i s  d i f f i c u l t  t o  say . I  
am in c l in e d  to  th in k  the re  was no d im inu tion  in  the 
number of th e se  c e l l s .  At f i r s t  s ig h t  on ly  a few 
P u rk in je  c e l l s  in  a fo lium  would a t t r a c t  the eye bu t 
on moving the  s l id e  and c a r e f u l ly  t r a v e l l i n g  along the  
ju n c t io n  l in e  between the  g ra n u la r  and m o lecu lar  la y e r s  
the  "remains" of  many o th e r  Purkinje^ c e l l s  could be 
found. T heir  l a s t  r e s t i n g  p la c e ,  so to  speak, was 
marked by a mass of s ta in a b le  substance  c o n s is t in g  of 
f in e  g ra n u le s .  In  some p la c e s  a p a l e - s ta id in g  sk e le to n  
of a c e l l  was observed*
In  a normal cerebellum  one f in d s  the P u rk in je  c e l l s  
s i t u a t e d  a t  the ju n c t io n  l in e  between the g ra n u la r  and 
m o lecu la r  l a y e r s .  In  the  specimens from the cases  
under d isc u ss io n  t h i s  p o s i t io n  r e l a t i v e  to  the  o th e r  
s t r u c t u r e s  seemed to  be f re q u e n t ly  a t  fa u l t*  Many 
P u rk in je  c e l l s  seemed to  be s i t u a te d  in  a p o s i t io n  
n e a re r  to  the white m a t te r  of th e  cerebellum , i . e .  w i th in  
the g ra n u la r  l a y e r .  I t  might be thought t h a t  the  
g ra n u la r  la y e r  had in c re a se d  in  th ic k n e s s  and t r a v e l l e d
fill Ci ^
beyond the p o s i t io n  of the P u rk in je  c e l l s  i n t o  the reg io n  
of th e  m olecu lar  l a y e r .  This was no t the case -  i n  f a c t  
th e  g ra n u la r  la y e r  was narrow er and con ta ined  few er c e l l s  
th a n  norm al. The in c re a se d  zone, i . e .  the c e l l s  ly in g  
round the P u rk in je  c e l l s  and encroaching in to  th e  m olecu lar  
l a y e r ,  was not composed of g ranule  c e l l s  but of c e l l s  h a l f  
as  la rg e  aga in  as the  t y p i c a l  g ranu le  c e l l s .  They look 
l i g h t e r  in  co lour than  the granu le  c e l l s  as they  have a 
r e l a t i v e l y  small n u c leu s  and a g ra n u la r  p ro top lasm . To 
use a v e ry  rough s im ile  -  th e  granu le  c e l l s  looked l ik e  
small lymphocytes, -  the o th e r  c e l l s  l ik e  le u c o c y te s .  I  
am not competent t o  judge b u t th e se  may be la rge  n e u ro g l ia  
c e l l s ,  p la y in g  th e  ro le  of phagocy tes , and ta k in g  up the  
f a t  from th e  decayed P u rk in je  c e l l s .  S c h a r la c h -s ta in e d  
specimens might throw l i g h t  upon t h i s  s u b je c t .  M ott, i n  
h i s  a r t i c l e  on Amaurotic Family Id io c y  in  the  P ro c . Roy. 
Soc. Med., March 1911, p . 193, speaks of  Alzheimers 
K ornchenzellen  c e l l s  and g iv e s  some va lu ab le  in fo rm a tio n  
upon the s u b je c t  of f a t  changes. I f  B a t t e n 's  f ig u re s  
o f  the  cerebellum  in  h i s  ju v e n i le  eases ( f i g .  8 and 9 
i n  the "Q u arte r ly  Jo u rn a l of Medicine" J u lv  1914) be 
peru sed , a s im i la r  appearance to  th a t  which I  have j u s t  
d esc r ib ed  w i l l  be n o ted . In  looking f o r  sk e le to n  forms 
of P u rk in je  c e l l s  the p o s s ib le  abnormal p o s i t io n  o f  some 
should be remembered. With B ielsehow sky ' s s t a i n ,  sw e ll in g  
o f  the  d e n d r i te s  may be observed and about two c e l l s '  
b re a d th s  d is ta n c e  from the  c e l l  th e re  i s  o f te n  a very  
marked sw e ll in g  of the  d e n d r i t i c  p ro c e s se s .  Such 
appearances arc sa id  to  be a s p e c ia l  f e a tu re  in  Tay S ach s '
. Uf
d is e a s e .  Regarding the changes in  the  P u rk in je  c e l l s  
them selves, l i t t l e  more may be s a id .  A ll degrees  of 
d eg e n e ra tio n  were observed and t h i s  i s  w e ll  i l l u s t r a t e d  
i n  th e  accompanying photographs.
The d en ta te  n u c le i  c e l l s  were s l i g h t l y  d eg en era ted . 
The su rrounding  w hite m a t te r  appeared t o  be norm al.
There was o c c a s io n a l ly  a s l i g h t  patchy  d eg e n e ra tio n , 
however, a s  can be made out i n  one of the  pho tographs . 
The s u p e r io r ,  middle and i n f e r i o r  peduncles s ta in e d  
norm ally .
Pons and M edulla .
S e c t io n s  were cu t th rough  the  u p p e r ,  middle and 
lower p a r t s  of the  Pons. In  th e  m edulla  they  were 
c h ie f ly  cut a t  the  fo llo w in g  l e v e l s
(a )  motor decussation*
(b) j u s t  above motor d e c u ssa t io n .
(c) thi'ough l e v e l  o f  middle o f  o l iv a ry  body.
(d) n ea r  ju n c t io n  w ith  pons.
The changes may be b r i e f l y  summarized as  a v a r ia b le  
degree of d eg en era tio n  of  the nerve c e l l s  and a degener­
a t i o n  o f  th e  motor t r a c t s .
S e c t io n s  th rough  the  s a c r a l ,  lum bar, m id -d o rsa l and 
c e rv ic a l  reg io n s  were made. In  a l l  th e re  was marked 
d eg e n e ra tio n  of th e  motor t r a c t s  w ith  th e  Weigert P a l  
method. As the d i r e o t  pyram idal t r a c t  norm ally  only  
reach es  down to  about the middle of the  d o rsa l  re g io n
the d eg en era tio n  i n  i t  i s  only  seen in  the photographs above 
t h i s  l e v e l .  The deg en era tio n  of the c rossed  pyramidal 
t r a c t s  may be seen as f a r  as  the lower s a c ra l  r e g io n .  I t  
appears to  bo n e a re r  the su rface  th e r e ,  however, as th e  d i r e c t  
c e r e b e l l a r  t r a c t ,  which u s u a l ly  s e p a ra te s  i t  from the edge of 
th e  cord i s  n o t norm ally  p re se n t  i n  t h i s  re g io n .  I t  might 
be o b je c te d  t h a t  perhaps those  t r a c t s  were never m y e lin a ted .
The fo llow ing  w i l l  be i n t e r e s t i n g  d a ta ,  however, as ten d in g  
to  prove th a t  th e re  was a r e a l  d eg en era tio n  of a l re a d y  e x i s t i n g  
m yelin .
(1) The age of  th e  c h i ld re n .  The d i r e c t  and crossed
pyram idal t r a c t s  m edu lla te  soon a f t e r  b i r t h .
(2) There a re  normal looking f i b r e s  among the
sc le ro s e d  ones -  t h i s  would suggest t h a t  some 
a t  l e a s t  were m y e lin a ted .
(3) The t r a c t s  look normal i n  s iz e  &c. Would t h i s
have been the  case i f  th e re  had been a develop­
m ental e r ro r?
(4) There i s  a s l i g h t  indraw ing of th e  edge of the
s e c t io n  i n  some p la c e s  opposite  the  degenerated  
t r a c t s .  This indraw ing su g g e s ts  a  p ro c e s s  o f  
s c l e r o s i s .
(5) Absolute p ro o f  o f  course would have been secu red
i f  I  had ob ta ined  deg en era tio n  w ith  th e  Marchi 
method a s  i t  depends upon th e  p resence  of 
a l re a d y  e x i s t i n g  m yelin .
The nerve c e l l s  in  the  sp in a l  cord showed vary ing  degrees  of 
d e g e n e ra t io n .
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G enera lly  speaking th e re  warn p r o l i f e r a t i o n  of n e u ro g l ia
in the sclerosed areas.
lairm a*
Nothing noteworthy re g a rd in g  exam ination of 3 rd ,
4 th ,  5 th ,  6 th ,  7 th , 8 th  and 12 th  c r a n ia l  n e rv e s ,  a l s o  
reg a rd in g  a small p o r t io n  of u ln a r  n erv e .
V iscera  e t c .
Nothing noteworthy reg a rd in g  m icroscop ic  exam ination  
o f  th y ro id ,  thymus, l i v e r  sp le e n ,  p a n c re a s ,  mnall and 
la rg e  g u t ,  and u te ru s  o b ta in ed  from Case I I .
Remarks.
In  e o n t r a - d i s t i n c t io n  to  the  symptomatology, a l l  
in v e s t ig a to r s  (w ith  perhaps th e  ex cep tio n  of Spielm eyer) 
a re  agreed upon th e  v e ry  close  s i m i l a r i t y  in  regard  to  
the patho logy  between th e  i n f a n t i l e  and ju v e n i le  forms 
of Tay Sachs ' d is e a s e .
Regarding t h i s  s ta tem ent by Sachs* -  "While th e re  
i s  a s u p e r f i c i a l  resemblance between the  c e l l  changes 
i n  th e se  two v a r i e t i e s  of am aurotic  fam ily  id io c y ,  the  
d i f f e r e n c e s  are  s t i l l  more s t r i k i n g .  In  th e  ju v e n i le  
form the d isease  p rocess  i s  not as  u n iv e rsa l  as i n  th e  
i n f a n t i l e  f o m .  *and we f a i l  to  f in d  the
ty p ic a l  bai loon-3 ike  enlargem ent of the c e l l  bod ies  and
X Jo u r .  Exper. Med. 1910, H I ,  685-
the  sw e llin g  of th e  dendritem  m  o h & rq o te r le tid  of th e  
c e l l s  Of the Tay S ache ' ty p e , " - - - - -  Wolfeohn p o in te  out
t h a t  h i#  ju v e n i le  ease does show sw ellin g  of the  dondi*lt«s 
&6% 1 have a lso  n o tic ed  i t  i n  aOme of l ie lso h o w sk y '*
photograph#* The h i s t o l o g i c a l  f in d in g s  i n  bo th  types  
o f  th e  d isease  have been c a r e f u l3y d esc r ibed  by v a r io u s  
au th o r#  and th e re  1# no need to  give a stvnmary h e re .
CfinSiliHSiO'O *
Dr. F in d la y 's  e a se s ,  whidh form the  su b je c t  of t h i s  
paper, bear a v e ry  c lose  resem blance p a th o lo g ic a l ly  to 
b o th  th e  i n f a n t i l e  and ju v e n i le  ty p e s  of Tay Sachs' 
d ise a se  #
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P a th o lo g ic a l  D e sc r ip t io n  of  th e  O ptic  Nerves, 
chiasma, t r a c t s ,  and r a d i a t i o n .
Macroeco-pioal ex a m in a tio n :-
A comparison of the o p t ic  nerves and t r a c t s  w ith  
" c o n tro l"  oases showed them to  be th in n e r  and h a rd e r  
than  the normal c o n t r o l s .
M icroscop ica l exam ination
As w i l l  be seen from the  aceompanging m ic ro -  
photographs the  W eigert-P a l s t a i n  r e v e a le d  d eg e n e ra tio n  
of  th e  o p t ic  nerves and t r a c t s .  No r e s u l t  was o b ta in ed  
w ith  Marchi o r  Donnagio s t a in in g  methods.
In  to x ic  amblyopia, a lthough  th e re  are  no 
opthalm oscopic appearances a t  the  m acula, i t  i s  w e l l -  
known th a t  the p a p i l lo -m a c u la r  f i b r e s  o f  the o p t ic  nerve 
are  s p e c ia l ly  a f f e c t e d .  In  the p r e s e n t  a ty p ic a l  cases  
of  Tay-Saehs d isease  w ith  no. m acular opthalm oscopic 
appearances I  cons idered  i t  a p o s s i b i l i t y  t h a t  h e re  
th e re  might a l s o  be a s p e c ia l  p r e - d i l e c t i o n  f o r  the 
p a p i l lo -m a c u la r  bundle b u t  I  can f in d  no r e f e r e n c e s  
to  t h i s  i n  the l i t e r a t u r e  on the s u b je c t .
The p a p i l lo -m a c u la r  bundle changes i t s  p o s i t i o n  
r e l a t i v e  t o  the o th e r  f i b r e s  » as i t  t r a v e l s  backwards 
towards the chiasma. Hence s e c t io n s  a t  v a r io u s  
l e v e l s  must be taken  in  o rder  to  t r a c e  i t s  course .
This i s  v e ry  w ell shown in  th e  accompanying diagrams 
from Dr. M aitland Ramsay's book. J u s t  behind the 
e y e b a l l  th e  bundle occupies a rough t r i a n g u l a r  a re a
on the  o u te r  s ide  o f  the  n erv e . About h a l f  way between 
th e  globe and the chiasma th e  bundle i s  c e n t r a l l y - in c l in e d  
and s t i l l  f u r t h e r  back i t  i s  q u ite  o o n t r a l .  I  out 
t r a n s v e r s e  s e c t io n s  as f o l lo w s :-
(1) l / 8 " - l / 4 "  behind th e  e y e b a l l .
(2) Halfway between the e y e b a l l  and the  chiasma.
(3) J u s t  in  f ro n t  o f  the chiasma.
(4) J u s t  behind the chiasma ( i . e .  th rough  the  t r a c t s ) .  
Also a n t e r o - p o s t e r io r  h o r iz o n ta l  s e c t io n s  through th e  
chiasma. Although the p a p i l lo -m a c u la r  bundle i s  somewhat 
d eg en era ted , i t  does no t seem to  be s p e c i a l l y  in v o lv e d .
I t  w i l l  be observed th a t  o th e r  p a r t s  o f  th e  nerve are  
a l s o  a f f e c te d  and th a t  th e  d eg en e ra tio n  i s  "pa tchy" . 
A tte n u a tio n  and v a r i c o s i t y  of  f i b r e s  was p r e s e n t  in  
some p a r t s  o f  the  o p t ic  chiasma and to  a l e s s  e x te n t  
I n  the  o p t ic  r a d i a t i o n s  a t  the  s id e s  o f  th e  p o s t e r i o r  
horns of  the  l a t e r a l  v e n t r i c l e s .  The d u ra i  and p i a l  
sh e a th s  of th e  o p t ic  nerve were norm al. No inflam m atory 
exudation  was observed . No abnorm ality  could be d e te c te d  
i n  the c e n t r a l  a r t e r y  and v e in .  Atrophy o f  the  o p t ic  
nerves and t r a c t s  i s  p re s e n t  in  bo th  the  i n f a n t i l e  and 
ju v e n i le  form of Tay-Sachs d i s e a s e .
C o n c lu s io n s .
I .  The p re s e n t  cases  resem ble the i n f a n t i l e  and 
ju v e n i le  forms of Tay-Saehs d ise a se  in  p o s se s s in g  
d eg en era tio n  of the o p t ic  nerves and t r a c t s .
I I .  There i s  a p p a re n t ly  no s p e c ia l  p r e d i l e c t i o n  o f  the  
d egenera tive  p ro cess  f o r  the  p a p i l lo -m a c u la r  b u n d le .
6 3 .
X 9
A».'
6 3, "7ZtA-uAv«*A«_ %’cAx^  ^ J! Zz^ '~ o^ jtl^  'Xajk/vAj^
^fzUclc.^ IVcc'^^- 'KAfi^ 6fci3rT
^a^Z(Cy cZi~^ *AAjtx^ JtéuJi. oAûjic^  « ~'cf^  'i^ -ZinK
■iATXtA LjL^ AAa^ '^ ÎaA.~ A/^ Aaaaa^  ((a^  " .
-  T ^ ^ ^ A ^ C C A j g ^  ^ É t A . .€ a , ^ 6 £ C  
^  AMAAlrZikAAZL O^LAAaSO^
— t/CcL*. cLlS^ Aa^  tc^ i^  Ajâ^ c^Xr HzcUa
w
;< \ 7 .
Z^tj é>5“. T/U&AA» . .'XacAv  ^ t^A d^x^ rr^
X xd tz$ < xA \. th jé T  A .A ^jA rC L ££~  o A a a .4 x a a a a ^  « 5 ï é x H a ^ ^  
U/exj4ZAX'~
(d(o , L fX^j^ (XA4AAtA. aZ*^  (^/ itx-Z
jt^ Zx^ -u^  J) fhx ArLAyvs^  cLZ^
(jLyjlxA. if^ xaauaAaaJ
i l l .
:gUr
X * 2L
h i.
aâ I^aZ
6*y. ZX o.pvAxhAJ^
j^ aaJJLt  m a .  ^ T f c r t \ 4 r  < /^ 0 ^ / C c  o I a^ ca^A ^'U a ^
Ÿ ^ a tU tU a .^  {Ixx^ '^ C^aAaAa^  (Ajl^ Z^AA^ txJtCctA. ,
^IV ^  /X^ ^
^lOA^tALAM^ \& ÎÂ tZ « ^  J j i;  oZ iaX A o ~ lAA^a-yCxxZoA.
A txaaaAZI^  'is'^'ZcrUA.^  oA£- yiA iC tZS f^ Zi ixXrxrx^ a
— ll^  —xKA.a,%CA«.^ AA_ T^îXAL<Lfi£.Ê^ ^
~Z/SA ad. ü^AüxSd()
H -
7 ‘>-
i
i
^ ^  ‘ 'C^Za^ .xXr
t i z x .  I ü-Vt-iA-^
^^ X^-Æ. ''I'UeX/cc-^ r^
*^J *yO *^ctkJfj\A A A X . i:^~ '^A rV iyÂ  oA ji, ^C crC tÿ^ 'o Â rtrO ^  .
S''(^ <M.,tL*-^  ûAC.^  ^  fixx , o^t/i,«rw —
"1't^ ia..C4<.£^ 4. y C r u . * ^ À X t ^ ,  ^  d / j U x  Z / i y t 4 ^
liq
'*1  7
*fho9@ p a r t s  o f  th e  v i s u a l  ap p a ra tu s  t h a t  a r e  connected 
w ith  th e  r i g h t  s ide o f  th e  b r a in ,  a s  w e ll  as th e  p o r t io n s  
o f  th e  v i s u a l  f i e l d s  from which th e y  re c e iv e  t h e i r  v i s u a l  
im press ions  (viz* th e  l e f t - s i d e d  p o r t io n s  o f  th e  v i s u a l  
f i e l d s ) ,  a rc  r e p re s e n te d  in  p in k :  the p a r t s  connected
w ith  the  l e f t  s id e  of th e  b ra in  ( to g e th e r  w i th  th e  r i g h t -  
s ided  p o r t io n s  o f  th e  v i s u a l  f i e l d s )  are  r e p re s e n te d  i n  
blue* The p ap i]Jo -m a cu la r  bundle o f  the o p t i c  nerve i s  
shaded»’^ (A. i J a i t la a d  Ramsay, " C l in ic a l  Ophthalmology, 
p . 576).
A. -  S e c t io n  of  o p t ic  nerve c lo se  t o  e y e b a l l ,
B. -  S ec t io n  o f  o p t ic  nerve midway between e y e b a l l
end o p t ic  ch iaena ,
C* -  S ec tio n  of o p t ic  nerve Im m ediately i n  fr<ait
o f  o p t ic  chiasma.
D. -  S e c t io n  of o p t i c  t r a c t ,  im m ediately  beh ind  o p t i c
chiasma,
S .  -  S ea t ion  th rough  o p t i c  r a d i a t i o n  a t  s id e  o f  p o s t ,
h o rn  o f  l a t e r a l  v e n t r i c l e .
'  ^ P a th o lo g ic a l  D e sc r ip t io n  o f  the R e tin a e .
The fo llow ing  r e s u l t s  r e f e r  to  Cases I I  and I I I  as  the  
eyes in  Case I  were u n f o r tu n a te ly  no t p re se rv e d .
At the  a u to p s ie s ,  th e  p o s t e r i o r  h a l f  o f  each  eye was 
removed and p laced  in  fo rm a lin ,  while one small p o r t io n ,  
a f t e r  p re l im in a ry  fo rm a lin  f i x a t i o n  was t r e a t e d  w ith  
M u l le r 's  f l u i d  p lu s  Chrome-alum in  p r e p a r a t io n  f o r  
W eigert s t a in in g .
Maorosoo'pioall.v no th ing  abnormal could be d e te c te d .  In  
th e  i n f a n t i l e  form of Tay-Sachs' d i s e a s e ,  a d isc o lo u re d  a re a  
may be v i s i b l e  a t  th e  m acular r e g io n ,  but c a re fu l  sea rch  
re v e a le d  n o th ing  in  the a ty p ic a l  cases  d esc r ib ed  in  t h i s  
t h e s i s .
M ic ro sco p ic a l ly  Exam ination was i n  every  in s ta n c e  conducted 
on c e l lo i d in  s e c t io n s ,w h ic h ,  f o r  r e t i n a l  work, are  i n f i n i t e ­
ly  s u p e r io r  t o  p a r a f f i n  ones . The fo llo w in g  s t a i n s  were 
u sed : Haemalum and E o s in : Haemalum and van G ieson:
H a r r i s '  Haematoxylin and E o s in :  Thionin  B lu e : and W eigert-
P a l .
Form alin i s  d esc r ib ed  by Coats as  b e in g  the w ors t of 
a l l  r e t i n a l  f i x a t i v e s  w hile  Shumway and Buchannan show t h a t  
the  r e t i n a  i s  a lm ost i n e v i t a b ly  de tached  from th e  choro id  
and thrown i n t o  f o ld s  when M ü l le r ' s  s o lu t io n  i s  u se d .
(T h is  occurred  i n  one of th e  Tay S a c h 's  cases  which th e y  
exam ined). Be t h a t  as i t  may, th e  r e t i n a s  in  the  p re s e n t  
oases were c e r t a i n l y  s e p a ra te d  and thrown in to  fo ld s  in  
many p la c e s  w hile s t i l l  i n  the  f i x a t i v e s ,  and I  was unab le
t y
to  f in d  th e  maculae f o r  s e c t io n  c u t t in g .  In  some p la c e s ,  
th e  s e p a ra t io n  occurred  a t  th e  pigment l a y e r ,  i n  o th e rs  a t  
t h a t  o f  the ro d s  and cones. At some p a r t s  the la y e r  o f  
o p t ic  nerve f i b r e s  was th in n e d ,  and s ta in e d  bad ly  w ith  
o rd in a ry  dyes. With th e  W eigert-Pa l method no co n c lu s io n s , 
of co u rse ,  could he drawn as to  th e  s ta te  o f  t h i s  l a y e r  a a  
th e  f i b r e s  norm ally  p o sse ss  ^  m edu lla ry  sh e a th s  a f t e r  
p ass in g  th rough  th e  lamina o r ib ro s a  s c le ra e  to  reach  th e  
r e t i n a .  Some gang lion  c e l l s  had e c c e n t r i c  n u c l e i ,  o th e rs  
none a t  a l l ,  w hile the p ro top lasm  of. some s ta in e d  so 
f a i n t l y  t h a t  t h e i r  o u t l i n e s  were d e te c te d  on ly  w ith  
d i f f i c u l t y .  In  a few c e l l s ,  vacu o les  were seen. No 
N i s s l ' s  g ra n u le s  were observed .
Assuming t h a t  i n  a normal r e t i n a ,  ( t r a v e l l i n g  in  a 
h o r i z o n ta l  m e rid ian  from the o p t ic  d i s c ,  and ex c lu d in g  the 
m acular region)^ th e re  i s  rough ly  a dep th  of 3 -4  gang lion  
c e l l s ,  a t  a d is ta n c e  of  3 d i s c s '  d iam eter  from the o p t ic  
d i s c ,  and 2-3 c e l l s  a t  4 d i s c s '  d iam e te r ,  and t h e r e a f t e r  
towards the  p e r ip h e ry  only  a s in g le  l a y e r  of s c a t t e r e d  
c e l l s ,  I  found a d im inu tion  of gang lion  c e l l s  i n  many 
p la c e s .  Whether t h i s  was due to  post-mortem change^ 
an a c tu a l  d e f ic ie n c y  in  numbers, o r  a r e a l  d e g en e ra tio n ,
I  am unable to  s t a t e .  The in n e r  and o u te r  n u c le a r  
la y e r s  were a p p a re n t ly  norm al. The th ic k n e s s  o f  the 
in n e r  m o lecu la r  l a y e r  v a r ie d  co n s id e rab ly  i n  d i f f e r e n t  
s i t u a t i o n s .  That was a l s o  th e  case i n  the o u te r  mole­
c u la r  l a y e r  ( o f te n  c a l le d  the  i n t e r - n u c l e a r  la y e r )  
e s p e c i a l ly  i n  i t s  o u te r  p o r t io n ,  which had in  many
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p la c e s ,  a web—lik e  o r  v ac u o la ted  appearance* Normally 
as may be seen from te x t-b o o k  d iagram s, the o u te r  
m o lecu la r  la y e r  i s  narrower than  the  i n n e r . In  some 
p la c e s  i n  the p re s e n t  specimens, the  opposite  appearances 
were noted* I  a s c r ib e d  t h i s  a t  f i r s t  to  an oedema, b u t 
i n  view of the f a c t  t h a t  t h i s  appearance could be a l t e r e d  
by c u t t in g  th e  s e c t io n  v e ry  s l i g h t l y  o b l iq u e ly ,  such an 
op in ion  could not be e n te r ta in e d  w ith  any degree of 
c e r ta in ty *  As a l re a d y  s t a t e d ,  th e  r e t i n a  was se p a ra te d  
from th e  choroid in  many p la c e s ,  and n a t u r a l ly  th e  f o ld s  
o r  co r ru g a t io n s  would be cut o b l iq u e ly  in  some p a r t s .
The la y e r  of rods and cones showed marked d eg e n e ra t io n , 
and f re q u e n t ly  t o t a l  d i s i n t e g r a t io n  -  th e  o u te r  segments 
be ing  more a f f e c te d  than  the in n e r  ones -  a co n d i t io n  
observed in  many normal r e t i n a s  and due no doubt to  
post-mortem change and th e  method of f i x a t i o n  (v ide  
B oJles  L ee ). Any m ig ra t io n  of r e t i n a l  pigment which 
wai observed in to  the  o u te r  la y e r s  o f  the  r e t i n a  was 
e v id e n t ly  due to  a m echanical peppering  of t h a t  p a r t ,  
caused by the a r t i f i c i a l  s e p a ra t io n  o f  th e  r e t i n a .
In  every  in s t a n c e ,  i t  co inc ided  w ith  a ru p tu re d  p o r t io n  
of  the  r e t i n a .  No changes were d e te c te d  in  the  r e t i n a l  
o r  c h o ro id a l  blood v e s s e l s .  There was no inflam m atory 
r e a c t io n  and the  ch o ro id a l and s c l e r o t i c  c o a ts  were 
norm al•
D isc u s s io n .
To give a t r u t h f u l  i n t e r p r e t a t i o n  of  r e s u l t s  o b ta in ed  
from th e  h i s t o l o g i c a l  exam ination o f  any r e t i n a ,  no t
(57
ob ta ined  im m ediately  a f t e r  d ea th ,  or p o s t - o p e r a t iv e ly ,  
i s  a m a t te r  o f  g re a t  d i f f i c u l t y .  Coats says  t h a t  any 
h i s t o l o g i c a l  study i s  v a lu e le s s  u n le s s  the  fo llow ing  
th re e  co n d it io n s  are  s a t i s f i e d : -
"(1) The m a te r ia l  must be a b s o lu te ly  f r e s h  -  
accord ing  to  B irc h -H irsch fe ld  post-mortem changes 
begin  w ith in  two hours of  d ea th .
(8) F ix a t io n  must be p e r f e c t ,  Z en k e r 's  S o lu t io n  
being  by f a r  th e  b es t  f o r  t h i s  pu rpose , e s p e c i a l ly  
i n  the  i n t a c t  g lo b e .
(3) The method of c u t t in g  must be s u i t a b l e ,  
p a r a f f i n  being  greatj-y  i n f e r i o r  to  c e l l o i d i n ,  
even w ith  the  g r e a t e s t  c a r e . and th e  b es t  f ix e d  
m a t e r i a l . "
He th e n  proceeds to  s t a t e  t h a t  " In s is te n c e  on th e se  p r e ­
r e q u i s i t e s  e l im in a te s  n e a r ly  ev e ry th in g  t h a t  has been 
w r i t t e n  on the h is to lo g y  of the r e t i n a  in  am auro tic
fam ily  i d i o c y  . . . . . n o t  more th an  th re e  o r  fo u r
cases  have been recorded  to  which no ex cep tio n  can be 
tak en . "
As f a r  as can be a s c e r ta in e d ,  the  eyes i n  th e  
p re se n t  cases were n o t removed t i l l  24-30 hours  a f t e r  
d e a th ,  and no p re l im in a ry  i n j e c t io n  had been made in to  
th e  e y e b a l l s  im m ediately  a f t e r  d ea th .  They were 
f ix e d  in  fo rm a lin  ( the  w orst o f  a l l  r e t i n a l  f i x a t i v e s ,  
accord ing  to  C o a ts ) .  Embedding and c u t t in g  were 
c a r r ie d  out i n  c e l l o i d in .  A lthough only one c o n d i t io n  
was th u s  s a t i s f i e d ,  I  deemed i t  a d v is a b le ,  i n  view of
th e  f a c t  th a t  B a tten  and Mayou had In  one of t h e i r  cases  
of Family C erebra l D egeneration  (Ju v en ile  Tay-Sachs) found
in  some p la c e s  such marked, changes as "complete d i s ­
appearance of the in n e r  n u c le a r  la y e r ,  g ang lion  c e l l s  
and th e  rods and cones", to  continue the p a th o lo g ic a l  
examination* Howhere did I  f in d  complete d isappearance 
of  any of these  l a y e r s .
In  o rd e r  to  d is c u s s  the  r e l a t i o n s h i p  o f  the r e t i n a l  
h i s to lo g y  between the I n f a n t i l e  and Ju v e n ile  forms of 
Tay-Sacas d isease  and the p re se n t  ca se s ,  some d a ta  must 
be g iv en .
A. R e t in a l  H is to lo g y  in  I n f a n t i l e  Tay Sachs D ise a se .
Although oedema of th e  o u te r  m o lecu la r  la y e r  
( i n t e r - n u c l e a r  la y e r )  has  been d esc r ib ed  in  some cases 
of i n f a n t i l e  Tay-Sachs^disease ( e .g .  case d esc r ib ed  by 
T reacher C o l l in s ;  Mohr s case r e f e r r e d  to  by Schumway 
and Buchannan; and the case i l l u s t r a t e d  in  f i g .  4 of 
B a tte n  & Mayou's p a p e r ) ,  i t  i s  now agreed th a t  the 
changes are  confined e n t i r e l y  t o  a d eg en era tio n  of the 
gang lion  c e l l s ,  nerve f ib r e  l a y e r ,  o p t ic  nerves  and 
t r a c t s  (Sachs) . In  the th ree  o r  fo u r  cases  r e f e r r e d  
to  by Coats as s a t i s f y in g  h i s  th re e  p r e - r e q u i s i t e s ,  
th e  au th o rs  s p e c i f i c a l l y  s t a te  t h a t  th e re  was no 
oedema. In  drawing co n c lu s io n s ,  th e r e f o r e ,  I  th in k  
i t  w i l l  be prudent no t to  l a y  too much s t r e s s  upon the 
presence  o r  absence of  oedema. While surveying  the 
l i t e r a t u r e  upon t h i s  s u b je c t ,  I  have made the  g en e ra l  
o b se rv a tio n  th a t ,  i n  the  e a r l i e r  d escr ibed  ca se s ,  
a t t e n t i o n  was c h ie f ly  focussed  upon the oedema, and i n  
a l l  the more re c e n t  cases upon the g ang lion  c e l l  changes.
/5.C
The f o rner school exp la ined  th e  w hite zone round the  m acular 
c h e rry - re d  spot" as being due t o  oedema of the  t i s s u e s ,  
while the  l a t t e r  f in d  a s u f f i c i e n t  e x p la n a t io n  o f  the 
fu ad a l  appearances i n  th e  degenera tion  and sw e ll in g  of 
th e  gang lion  c e l l s  (which norm ally  are p re s e n t  in  g r e a t e r  
numbers a t  the EDGE o f  the macula th a n  a t  any o th e r  p a r t  o f  
th e  r e t i n a ) .  Various arguments such as the  p resence  or 
absence of v e i l i n g  of f i n e r  v e s s e l s  by oedema, the 
changing or unchanging appearance of the  " c h e rry -re d  spo t"  
sup p o rtin g  one or o th e r  th e o ry ,  cannot be d iscussed  h e re .
B. R e t in a l  H is to logy  in  J u v e n i l£  Tay-Sachs D ise a se ,
I  have on ly  been able t o  f in d  th ree  p u b lish e d  accounts 
o f  the  pa tho logy  o f  the  r e t i n a  in  such c a se s .
I t  i s  doub tfu l whether the S tock-Spielm eyer cases  
should  be in c luded  i n  the l i s t  as  many p o in ts  i n  the  
c l i n i c a l  h i s t o r i e s  suggest a s y p h i l i t i c  t a i n t .  S tock and 
Spielm eyer m a in ta in  th a t  t h e i r  oases are examples of an 
independent d ieease^bu t G iffo rd  in c lu d es  them in  h i s  l i s t  
of ju v e n i le  ca ses . Oatman and C lark  co n s id e r  them to  be 
q u ite  i r r e g u l a r  ca ses . They a r e  d e f i n i t e l y  u n c e r ta in  
eases  and I  do not p r o p o s e  t o  d isc u ss  them f u r th e r .
I . Ichikawa (Kyoto, Japan) i n  a c h i ld  7 y ea rs  o ld ,  found a 
v e ry  marked d eg e n e ra t io n , more o r  l e s s  com plete, o f  a l l  
the  r e t i n a l  l a y e r s ,  but w ith  Weigert th e  o p t ic  nerves 
s ta in e d  norm ally as f a r  as  th e  chiasma. Speaking of the 
r e l a t i o n s h i p  of the  d is e a s e s ,  he co n s id e rs  t h a t  " these 
d i f f e r e n t  forms of prim ary r e t i n a l  d eg en era tio n  are 
p robably  p ro d u c e d  by the same cau se  a lthough  t h e i r
/4ô.
ûnd anattOïniGal c h a ra c te r s  in  c e r t a in  p o in ts  
appear to  v a ry ."
TT*  Case, (p a th o lo g ic a l  r e p o r t  made by Brooks)..
Boy about 15 y ea rs  o ld .  The o p t ic  n erves  were shrunken 
i n  s iz e  and m ic ro s c o p ic a l ly  they  were so degenerated  t h a t  
p r a c t i c a l l y  no nerve f i b r e s  could be d e te c te d .  Degener­
a t io n  was so complete in  the r e t i n a  t h a t  the  normal s t r a t a
i
were in d i s t in g u is h a b le .  No gang lion  c e l l s  found.
Choroid normal. No m ention made of method of f i x a t i o n  &s.
I l l ,  F. E. B a t te n  & M. S. Mayor' s case (P a th o lo g ic a l  r e p o r t  
by Mayou ) .
This i s  an e x c e l le n t  account and the  method o f  f i x a t i o n ,  
embedding e t c . ,  leaves  no th ing  to  be d e s i r e d .  I t  i s  
i n t e r e s t i n g  to  no te  t h a t  the m acular r e g io n  was a s i t u a t i o n  
o f  most marked h i s t o lo g i c a l  change^although c l i n i c a l l y  
th e re  was îiO ty p ic a l  i n f a n t i l e  Tay Sachs "cherry  red  spo t"  
a t  t h a t  s i t e .  In  some p a r t s  the  r e t i n a  was normal excep t 
f o r  degenera tion  of the ganglion  c e l l s ;  in  o th e r  p a r t s  
th e  in n e r  n u c lea r  l a y e r ,  gang lion  c e lls^ an d  rods and 
cones had com pletely  disappeared* The f i r s t  s tag e  i n  
th e  degenera tive  p rocess  was a gang lion  c e l l  d eg en era tio n  
(e x a c t ly  s im i la r  to  th a t  found in  I n f a n t i l e  Tay S achs).
This was fo llow ed by s l i g h t  oedema o f  the  in te r n u c le a r  
l a y e r ,  and t h e r e a f t e r  by a g radua l d isappearance  of the  
in n e r  n u c le a r  la y e r ,  rods  and cones. The f i n a l  p a th o ­
lo g ic a l  s ign  was a m ig ra t io n  of r e t i n a l  pigment c e l l s  
i n to  the o u te r  la y e r s  o f  the  r e t i n a .  Coupled w ith
th e se  n eu ra l changes, th e re  was a s l i g h t  p r o l i f e r a t i o n  
of the  r e t i n a l  supporting  elem ents w ith  t h e i r  n u c l e i .  
B a tten  and Mayou s t a t e  th a t  t h e i r  cases  show a "c lo se  
r e la t io n s h ip "  t o  am aurotic  fam ily  id io c y  ( i . e .  I n f a n t i l e  
Tay Sachs).
I  have arranged  in  t a b u la r  form the r e s u l t s  o b ta in ed  
from a review  of the  aforem entioned p u b lish ed  r e p o r t s .
I t  w i l l  be noted from the  accompanying ta b le  t h a t  ATT, 
th e  ju v e n i le  cases  show d eg en era tio n  of the rods  and 
cones and th u s  d i f f e r  from the i n f a n t i l e  group.
Should t h i s  form the b a s is  of a sharp  d i s t i n c t i o n  between 
th e  two types? Although the consensus of op in ion  i s  
t h a t  the  rods and cones are normal i n  the i n f a n t i l e  
group, th e re  a re  accounts i n  which th ey  a re  d escr ibed  
as somewhat degenerate  ( e .g .  Shumway and Buchannan ' s 
ease and o th e r s ) .
The rods and cones show up the  f r a i l t y  of o n e 's  
p a th o lo g ic a l  technique in  a most d is c o n c e r t in g  way and 
in  t h i s  re s p e c t  my own r e s u l t s  are no t good. I n  f a c t ,  
B o lle s  Lee, speaking of th e  n e c e s s i ty  of p ro p er  and 
immediate f i x a t i o n  o f  the r e t i n a  s t a t e s  t h a t  " a f te r  a few 
MIMTTÆS a s e r i e s  of changes beg ins  to  take p la ce  by which 
th e  o u te r  segment of bo th  rods and cones become s p l i t  i n to  
d i s c s  and f i n a l l y  d i s i n te g r a t e  so a s  to  be a l to g e th e r  
u n re c o g n isa b le ,  even i f  not t o t a l l y  d e s tro y e d ."
No s tro n g  argument, t h e r e f o r e ,  can be founded upon the 
c o n d i t io n  o f  th e  rods and cones.
The degenera tive  co n d i t io n  of  the m o lecu la r  la y e r s  
In  the ju v e n i le  type might a lso  form a su b je c t  of
c o n te n t io n .  T h is , a lthough  not considered  normal in  th e  
i n f a n t i l e  ty p e ,  has c e r t a in ly  been d e sc r ib e d  in  some of 
the  cases  (vide remarks under the i n f a n t i l e  ty p e ) .  
Moreover Mayou s t a t e s *  t h a t  in  h i s  own ju v e n i le  case 
th e  only  h i s t o lo g ic a l  appearance which could not be 
r e l i e d  upon was "the s l i g h t  oedema of th e  i n t e r - n u c l e a r  
la y e r"  i . e .  o u te r  m olecu lar  l a y e r ,  and hence i n  the ta b le  
I  have ques tioned  i t .
Very few r e t in a e  o f  the ju v e n i le  type have been 
examined and u n t i l  we have more d a ta ,  I  th in k  th e  groups 
should n o t be se g re g a ted .
* Vide Mayou *8 remarks i n  the d isc u ss io n  a t  th e  end of 
Goats* p ap e r .
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C onclusions.
(1) The cases d escr ib ed  In t h i s  paper  being the  youngest i n  
th e  l i s t ,  most c lo s e ly  resemble the I n f a n t i l e  Tay-Sachs 
group, w ith  reg a rd  t o  the  age in c id e n c e .
(2) H i s to lo g ic a l ly  th e y  a l s o  resemble i t ,  by p o sse ss in g  
th e  t y p i c a l  p a th o lo g ic a l  p ic tu r e  of d eg e n era tio n  of o p t ic  
n e rv e s ,  nerve f i b r e  l a y e r  and gang lion  c e l l s  (a  t r i p l e  
syndrome).
(3) They p re s e n t  fewer a d d i t io n a l  v a r i a t i o n s  to  the 
accep ted  t r i p l e  syndrome th an  the o th e r  e a se s .  Of th e se  
a d d i t io n a l  i r r e g u l a r i t i e s ,  most c e r t a in ly  the d eg en era tio n  
o f  rods and cones may be d isc o u n ted , owing to  p o s t  mortem 
change and method o f  f i x a t i o n .
(4) In  the e ld e r  cases ( i . e .  Ichikawa and Wandless) 
th e  r e t i n a l  d e s t r u c t io n  i s  most com plete . This may 
be due to  the p a t i e n t s  having l iv e d  lo n g e r  than  i n  
the  I n f a n t i l e  Group, and so a llow ing  th e  f i n a l  s ta g e s  
o f d eg en era tio n  t o  tak e  p la c e .
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